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Preparation of Cell-free Solutions of Hydrogenase. 


M. Bovarnick. (Introduced by Augustus B. Wadsworth. ) 


From the Division of Laboratories and Research, New York State Department of 
Health, Albany. 


In certain bacterial species, including B. coli, Clostridium spor- 
ogenes, and others, enzyme systems have been described which 
catalyze the reduction by molecular hydrogen of various substrates 
such as methylene blue, nitrate, fumarate, oxygen, and some amino 
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acid.!:? It has been shown*"‘ that the enzyme of B. coli which activates 
molecular hydrogen, hydrogenase, catalyzes in a completely re- 
versible manner the reaction 
Hy = 2H + 2 

The enzyme preparations used in previous studies have been sus- 
pensions of intact growing or resting bacterial cells; extraction of 
the enzymes involved resulted in loss of activity.® 

As a basis for further study of this enzyme the observations 
reported in this paper seemed of interest, namely, that the system 
catalyzing the reduction of methylene blue by hydrogen is quite 
stable, and that active dry preparations and cell-free solutions can 
readily be secured, as evidenced by data in the accompanying table. 

An 18-hour broth culture of B. coli communior, No. 142, was 
washed twice with saline by centrifugation and resuspended in 
0.1 M phosphate buffer, pH 7.0. The final volume was one-thirtieth 
that of the original culture. Active dry powders were obtained by 
pouring this suspension into 20 volumes of cold acetone and rapidly 
filtering by suction. Cell-free solutions were obtained by filtering 
a 16-day autolysate through Mandler filters. Other methods of 
lysing the cells, such as alternate freezing and thawing, and pro- 
longed exposure to high salt concentration followed by rapid dilu- 
tion, have yielded solutions that were active but difficult to filter. 

The reactions were carried out at room temperature and at pH 7.0 


TABLE I. 
Catalysis of Reduction of Methylene Blue by Hydrogen. 


Methylene blue Time required for 


Preparation Gas (1 ml) decoloration 

Washed B. coli suspended in 4 ml 

phosphate buffer H 1/5000 8 min 
Same N ss ENE 
Washed B. coli susp. heated 100°C 

20 min H ae Ss 6 ln 
Acetone-dried preparation suspend- 

ed in 4 ml phosphate buffer 15) 1/1090 20-25 min 
Same N 32 > 6 hr 


Suspension of acetone-dried prep- 


aration heated 100°C 20 min H he > 64 
Mandler filtrate tel 1/5000 25 min 
2? i? N >) Sly hr 

a »? heated 100°C 20 min H ts >12 hr 


1 Stephenson, Marjory, and Stickland, L. H., Biochem. J., 1931, 25, 205. 

2 Hoogerheide, J. C., and Kocholaty, Walter, Biochem. J., 1938, 32, 949. 

3 Green, D. E., and Stickland, L. H., Biochem. J., 1934, 28, 898. 

4 Farkas, A., Farkas, L., and Yudkin, J., Proc. Roy. Soc. London, Series B, 
1934, 115, 373. 

5 Stickland, L. H., Biochem. J., 1929, 28, 1187. 
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(0.1 M phosphate buffer), either in modified Thunberg tubes or, 
more conveniently, by bubbling the gases through the solutions in 
test tubes provided with two-holed rubber stoppers bearing inlet 
and outlet tubes. Amounts of the enzyme preparation were used that 
corresponded to 4 ml of the original phosphate suspension. The 
gases used were deoxygenated by passing over hot reduced copper 
filings. 

In the presence of active preparations the dye was reduced under 
an atmosphere of hydrogen but not under nitrogen. Heating for 
twenty minutes at 100°C destroyed the activity of the enzyme. 

Summary. Stable dry powders and cell-free solutions that pos- 


sess hydrogenase activity have been prepared from cultures of B. coli 
communtor, 
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Effect of Gramicidin on Metabolism of Bovine Spermatozoa.* 


GERTRUDE HENLE AND CHARLES A. ZITTLE. (Introduced by 
Stuart Mudd.) 


From the Department of Bacteriology, School of Medicine, University of Pennsyl- 
vania, Philadelphia. 


Gramicidin," * a bactericidal agent for gram-positive organisms,’ 
seems to have a wider range of activity than the name indicates. It 
acts as a hemolytic agent in low concentrations,” § and it is highly 


* This work has been aided by a grant from the National Committee on 
Maternal Health, Ine. 

+t The preparation of crude and purified gramicidin, and purified tyrocidine, 
used in these studies were obtained through the kindness of Dr. R. J. Dubos, who 
independently suggested this investigation. We are indebted also to Dr. Dubos 
for reading this paper before publication. 

t Crude gramicidin has recently been renamed tyrothricin by Hotchkiss and 
Dubost and the name gramicidin retained for one of the purified components. The 
other principal component has been purified also and named tyrocidine; it exhibits 
bactericidal activity against both Gram positive and Gram negative organisms. 

1 Dubos, R. J., J. Exp. Med., 1939, 70, 1, 11; Dubos, R. J., and Cattaneo, C., 
ibid., 249; Dubos, R. J., Ann. Int. Med., 1940, 18, 2025. 

2 Heilman, D., and Herrell, W. E., Proc. Soc. Exp. Bion. anp Mep., 1941, 
46, 182. 

§ Hotchkiss and Dubos5 recently have stated that tyrocidine is hemolytic but 
that purified gramicidin is not hemolytic. Further studies have confirmed the 
hemolytic effect of gramicidin in saline or buffer solutions? but have shown that 
hemolysis is completely inhibited by small amounts of glucose. 


194 ACTION OF GRAMICIDIN ON SPERMATOZOA 


toxic if injected into animals by the intravenous route.* The effect 
of gramicidin on mammalian cells other than erythrocytes has not 
been investigated to our knowledge. 

Bovine spermatozoa, which are being studied extensively in this 
laboratory, appeared to be suitable material for such an investigation, 
since they can readily be obtained in pure suspension, and, being a 
type of mammalian cell, might be expected to throw some light on 
the observed toxicity of this substance in animals. In the following 
we shall describe the action of gramicidin on the metabolism and 
the motility of bovine spermatozoa. Some data are available for the 
normal respiration and glycolysis of these cells;**° further in- 
formation is being collected in this laboratory at present. 

Experimental. Spermatozoal suspensions were prepared from the 
bovine epididymis as described elsewhere.** Ringer solution con- 
taining a final concentration of 0.2% glucose with or without the ad- 
dition of M/15 phosphate buffers (added in ratio of 1 to 4) of 
pH 5.3 to 8.0 served as medium for the determination of the oxygen 
consumption, while Ringer glucose with sodium bicarbonate (0.025 
M) was used for the measurement of the glycolysis. Alcoholic 
solutions of the gramicidin preparations were added to Ringer 
solution and appropriate volumes of the resulting suspension used. 

Oxygen consumption and anaerobic glycolysis were measured by 
the direct method of Warburg’ under air and under nitrogen with 
5% COs, respectively. In a number of experiments the respiratory 
quotient (RQ) and at the same time the aerobic glycolysis were 
determined in Dixon-Keilin flasks” attached to Warburg manometers 
filled with Clerici solution. The results were calculated according 
to the second method of Dickens and Simer.’* In these experiments 
Ringer bicarbonate solution was used as medium, the suspensions 
being in equilibrium with a mixture of oxygen and 5% CO:. Two 
ml of suspensions containing 150 to 700 million spermatozoa per ml 
were used per vessel. All of the experiments were performed at 
By ee 

8 McLeod, C. A., Mirick, G. S., and Curnen, E. ©., Proc. Soc. Exp. BIOL. AND 
Mep., 1940, 43, 461. 

4 Hotchkiss, R. D., and Dubos, R. J., J. Biol. Chem., 1940, 136, 803. 

5 Hotchkiss, R. D., and Dubos, R. J., J. Biol. Chem., Proceedings, 1941, Ixiii. 

6 Dubos, R. J., and Hotchkiss, R. D., J. Exp. Med., 1941, 73, 629. 

7 Redenz, E., Biochem. Z., 1932-33, 257, 234. 

8 Iwanow, E. E., Biochem. Z., 1935, 278, 101. 

9 Comstock, R. E., J. Lup. Zool., 1940, 81, 147. 

10 Lardy, H. A., and Phillips, P. H., J. Biol. Chem., 1941, 138, 195. 

11 Henle, W., J. Immunol., 1938, 34, 325. 

12 Dixon, M., Manometric Methods, Cambridge, 1934. 
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It was found that small amounts of the crude preparation of 
gramicidin altered strikingly the oxygen consumption of bovine 
spermatozoa. Fig. 1 shows the effect of various concentrations of 
this agent on 400 million spermatozoa suspended in Ringer glucose 
(pH 6.0) over a period of 150 minutes. Concentrations of 0.1 mg 
and 0.01 mg of crude gramicidin per ml of suspension caused an 
initial stimulation of the oxygen uptake, but the respiration fell off 
rather abruptly after 30 and 90 minutes, respectively. The smallest 
amount of gramicidin used (0.001 mg per ml suspension) caused 
only a moderate stimulation of the oxygen consumption, but there 
was no decrease during the period of observation. As the suspen- 
sions of gramicidin were prepared from alcoholic solutions, control 
experiments were made with comparable amounts of alcohol. No 
influence on the oxygen uptake or on the motility of the spermatozoa 
was noticed. 

In cases where the oxygen uptake had ceased, the spermatozoa 
were immobile whereas the cells in the control suspensions were 


Fig. I 
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Influence of gramicidin on the oxygen consumption of bull spermatozoa sus- 
pended in Ringer glucose. 
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quite active. In the experiments where a stimulation of respira- 
tion was obtained by the addition of a small amount of gramicidin, 
the spermatozoa had about the same activity as the control suspen- 
sions. 

This action of gramicidin on the respiration of spermatozoa sus- 
pended in Ringer glucose which had a pH of about 6.0 was also 
observed when the spermatozoa were suspended in a medium con- 
taining phosphate buffers of pH 5.3 and 6.6. When alkaline phos- 
phate buffers (pH 7.9) were added to the Ringer solution, a medium 
in which the spermatozoa showed maximal respiration,’ the addition 
of gramicidin caused a stimulation of oxygen consumption only, 
and there was no decrease in the uptake during the 4 hours of ob- 
servation. Ina few cases a decrease occurred but only when enough 
acid had been produced by the cells to lower the pH considerably. 

For the simultaneous determination of the O, consumed and the 
CO, produced by the technic mentioned the spermatozoa were sus- 
pended in Ringer bicarbonate solution. Although the pH of this 
medium was approximately 7.5 the oxygen consumption of the 
spermatozoa in this case was reduced 70 to 80% by the addition of 
gramicidin (Table I), when measured at the end of one hour. 
Therefore, the stimulating action of gramicidin in alkaline phos- 
phate buffer unaccompanied by final inhibition may not be due to the 
pH alone, for in bicarbonate at the same pH the depression in oxygen 
consumption is considerable. However, a direct comparison cannot 
be made, for in the former experiments air was present, whereas in 
the latter an atmosphere of 95% O, and 5% CO, was used. These 
differing conditions must also be kept in mind in considering the 
glycolysis experiments in which the inhibition of glycolysis by grami- 
cidin is only partial. 

In these experiments it was found that gramicidin decreased the 
RQ (CO:/O:) from 1.0 to 0.8 in 2 cases. However, the reduction 
of respiration was such that in view of the small total volumes 
measured the differences may very well fall within the limits of 
accuracy of the method.” 

As the crude gramicidin used in the original experiments was a 
mixture of gramicidin and tyrocidine, we studied the effect of both 
substances in purified form on the respiration of spermatozoa. The 
results described above were duplicated with the purified gramicidin, 
while tyrocidine showed a definite depression in oxygen consumption 


which, however, amounted to only about 10 to 20%, when 0.05 mg 
per ml was used. 


13 Henle, G., and Zittle, C. A., unpublished data. 
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TABLE I. 
Influence of Gramicidin on Respiratory Quotient and Aerobie Glycolysis of Bull Spermatozoa. 


Concen. RQ ey, 702 
Millions gramicidin , Suny = Cc zs 5 
: of sperm mg/ml Gram- Gram- % de- Gram- % de- 
Exp. perml suspension Control icidin Control icidin pression Control icidin pression 
1 650 0,09 erude 1.02 0.80 Thi 65 TO) eo om ee) Ts 5 
2 Seo “ed eillys eee 1.01 0.85 27.9 7.0 79 30.0 25.5 15 
> 200 0.05 i 0.98 1.10 16.2 D.1 69 42.7 23.4 45 
4 L805 2002), 22 48.0 31.0 35 
5 155 ~=— 0.05 _purif. 41.6 17.4 58 
Z mm3 Op: 
Oo) = 5 
= 100 x 106 sperm/hour 


Os mm CO, (lactic acid) 


100 106 sperm/hour 


Some of the experiments for the determination of glycolysis under 
aerobic conditions are cited in Table I. The values obtained with 
gramicidin showed a reduction in comparison with the controls, but 
the glycolysis continued in most cases over the period of observation. 
The inhibition of glycolysis caused by 0.05 mg of purified gramicidin 
per ml was on the average 42.5% (6 experiments). Purified tyro- 
cidine in the same concentration caused only a depression of about 
15% of the control values. 

Similar experiments were conducted under anaerobic conditions. 
The inhibition of glycolysis amounted to about 45%, when the 
spermatozoa had been in contact with gramicidin for one hour, and 
in 2 to 3 hours the glycolysis was depressed up to 75% of the controls. 

The motility of the spermatozoa in bicarbonate medium was 
greatly impaired by gramicidin under aerobic as well as under 
anaerobic conditions. The cells were found to be immobile in some 
cases, in others they no longer showed forward movements. The 
spermatozoa of the control suspensions were very actively motile in 
some experiments; in others, where the pH had dropped in a period 
of several hours the spermatozoa were less motile, but their activity 
could be restored by addition of a small amount of sodium bicarbon- 
ate to the suspension. Spermatozoa, whose motility had been im- 
paired by gramicidin, could not be reactivated. 

Discussion, The stimulation of the respiration of spermatozoa 
in moderately acid solution by small amounts of gramicidin, and the 
toxic action of larger amounts has been paralleled with other kinds 
of cells and reagents. The action of substituted phenols on the 
respiration of the fertilized eggs of Arbacia punctulata™ is similar, 


14 Krahl, M. E., and Clowes, G. H. A., J. Gen. Psysiol., 1940, 23, 413. 
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and the action of detergents on the respiration of bacteria has in 
some cases shown this phenomenon also.’ In the latter studies 
also a considerable effect of pH was observed; the cationic deter- 
gents were most active in the alkaline range, 7. e., when least ionized, 
and the anionic in the acid range. The degree of ionization can not 
explain the observed effect of pH on the activity of gramicidin, for 
gramicidin has recently’ been described as a neutral polypeptide 
containing neither free amino nor carboxyl groups. 

The inability of the purified gramicidin to hemolyze red blood 
cells in the presence of small amounts of glucose® eliminates this as 
an explanation of its toxic action in animals. The effect on spermato- 
zoa we have observed suggests that perhaps its harmful action 
is exerted through the enzymes involved in respiration and glycolysis. 
Further studies will be necessary to determine the particular enzymes 
affected. 

The action of gramicidin on spermatozoa seems to be of about 
the same magnitude as its action on pneumococci. Dubos has found 
0.01 mg completely inhibits the growth of 10° pneumococci within 2 
hours; an enormous stimulation of the oxygen consumption of 
Gram-positive organisms occurs.’® No pH effect was observed. 

Summary, Crude and purified gramicidin after initial stimulation 
inhibits the oxygen consumption of bovine spermatozoa completely 
in Ringer phosphate of acid pH and renders the cells immobile. By 
the use of sufficiently small amounts only stimulation is observed 
during the period of the experiment. In alkaline phosphate buffer 
only the increase of oxygen consumption is noted. However, in 
Ringer bicarbonate medium of the same pH, the respiration again 
is greatly inhibited; aerobic as well as anaerobic glycolysis are de- 
pressed on the average 40% and the motility of the spermatozoa is 
markedly impaired. Tyrocidine, in the concentrations studied, caused 
a small reduction in the oxygen uptake and the glycolysis. 


15 Baker, Z., Harrison, R. W., and Miller, B. F., J. Exp. Med., 1941, 78, 249. 
16 Dubos, R. J., personal communication. 
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Activity of Alpha Tocopherol in Preventing Antagonism Between 
Linoleic and Linolenic Esters and Carotene. 


W.C. SHERMAN. (Introduced by C. A. Elvehjem. ) 


From the Laboratory of Animal Nutrition, Alabama Polytechnic Institute, 
Auburn, Alabama. 


The author has shown’ * that the methyl esters of linoleic and 
linolenic acids interfere with the utilization of carotene and vitamin 
A by vitamin-A deficient rats. It was found that this antagonism 
can be counteracted by the addition of soybean oil and is not ap- 
parent if sufficiently large amounts of carotene are fed. 

Subsequent investigations have revealed that the antagonism 
between the unsaturated fatty acid esters and carotene can be pre- 
vented by the unsaponifiable fraction of soybean oil or by a-tocoph- 
erol; but not by choline, ethanolamine, or soybean lecithin or 
cephalin. 

The growth obtained with carotene and a-tocopherol was only 
slightly better than that with carotene alone, but the addition of 
a-tocopherol to carotene and methyl linolate or linolenate gave a 
pronounced growth response. The antagonism between methy! 
linolenate and carotene was more pronounced than that between 
methyl linolate and carotene. The addition of a-tocopherol gave 
better growth with methyl linolate than with methyl linolenate. 

It is improbable that a-tocopherol acts as a simple chemical anti- 


TABLE I. 
Growth Responses of Vitamin A-Deficient Rats.* 
Avg gain 
No. of end of 7th 
Daily supplements rats week, g¢ 
2 y Carotene 8 31 
24 iat and 1 mg 4-tocopherol 4 46 
24 2” + .05 g methyl linolate 10 19 
2 W + .05 g methyl linolate + unsapon- 
ifiable matter from 0.1 ml soybean oil 9 81 
2 = + .05 g methyl linolate + 1 mg 
a-tocopherol 20 80 
24 a + .05 g methyl linolenate 4 9 
24 ae + .05 g methyl linolenate + 1 mg 
a-tocopherol 8 48 


*All rats received a diet of the following composition during the depletion and 
experimental periods: casein (alcoho! extracted) 18, salt mixture No. 186 (J. Biol. 


A>) 


Chem., 1930, 89, 199) 4, Northwestern yeast, irradiated 6, and sucrose 72. 


1 Sherman, W. C., J. Biol. Chem., Proc., 1940, 133, 89. 
2 Sherman, W. C., J. Nutrition, in press. 
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oxidant since in vitro experiments* have shown that the unsaturated 
fatty acid esters cause no direct destruction of carotene with the 
method of feeding employed. It appears that in the absence of 
a-tocopherol there is a physiological antagonism between unsaturated 
fatty acids and carotene which results in the inefficient utilization 
of carotene. 
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Immunological Properties of an Antibody Containing a 
Fluorescent Group.* 


ALBERT H. Coons,’ HuGH J. CREECH AND R. NorMAN JONES. 
(Introduced by J. F. Enders. ) 


From the Department of Bacteriology and Immunology, Harvard Medical School, 
and the Chemical Laboratory, Harvard University. 


Previous investigations involving chemical derivatives of anti- 
bodies usually have been planned either to establish the protein 
nature of the antibody molecule, or to elucidate the influence of 
specific polar groups on the mechanism of the antigen-antibody 
reaction. Reiner,’ however, prepared serologically active atoxyl-azo 
conjugates of antipneumococcus [ and II antibodies, and suggested 
that they might be useful in quantitative studies of antigen-antibody 
reactions. Marrack’ allowed anti-typhoid and anti-cholera sera to 
react with diazotized benzidine-azo-R-salt, and demonstrated that 
homologous organisms were specifically colored pink by the chem- 
ically modified antibodies. 

The objective of the present investigation is the development of a 
method by which antigenic substances could be revealed in mam- 
malian tissues. 

One of us (A.H.C.)* has repeated Marrack’s experiment with 
antipneumococcus II and III rabbit sera,S and has found that sus- 


* Aided in part by a grant from the International Cancer Research Foundation. 

t Fellow in the Medical Sciences of the National Research Council. 

1 Reiner, L., Science, 1930, 72, 483. 

2 Marrack, J., Nature, 1934, 133, 292. 

¢{ Unpublished data. 

§ Lederle’s concentrated therapeutic rabbit sera were used in this work. The 
pneumococcus-antipneumococcus system was chosen for convenience in developing 
the method. 


PROPERTIES OF FLUORESCENT ANTIBODY 201 


pensions of these organisms were agglutinated and colored by the 
specific azo-serum. The color obtained, however, was insufficiently 
intense to render the method suitable for the purpose in mind. 

Conjugates prepared by the interaction of isocyanates of poly- 
nuclear aromatic hydrocarbons with several proteins have been 
shown to be highly fluorescent.* Since such fluorescent labels might 
be easier to distinguish than colored groups, a B-anthryl-carbamido 
derivative of antipneumococcus III rabbit serum was prepared. Con- 
jugation was obtained in an aqueous-dioxane medium by the inter- 
action of B-anthryl isocyanate with the serum. Experimental con- 
ditions were chosen such that a minimum alteration of the protein 
molecule would occur. The anthracene content of the conjugate, 
determined by ultraviolet spectrophotometry, was two groups per 
molecule of protein (taking 160,000 as the molecular weight of the 
protein). This conjugate gives an optically clear solution in physio- 
logical saline in a concentration corresponding to 1/10th that of the 
original serum. It has a faint blue fluorescence in daylight, and an 
intense blue fluorescence in ultraviolet light, even in very dilute 
solution, Specifically precipitated by pneumococcus III carbohy- 
drate, it agglutinates Type III organisms in the same titer as the 
original serum (1/800), fixes complement, and passively sensitizes 
the guinea pig to anaphylactic shock. Parallel opsonocytophagic 
tests with the anthracene derivative and the original serum showed 
equal quantitative sensitization of the organisms. ‘These tests, how- 
ever, do not prove that the antibody molecules themselves are con- 
jugated with the isocyanate, although the quantitative determinations 
suggest this. 

Accordingly the conjugate (diluted 1/50 in terms of the original 
serum) was mixed in equal proportions with a similar dilution of 
unaltered Type II antipneumococcus rabbit serum of approximately 
equal agglutinating titer. Type I] pneumococci were added to one 
aliquot of this mixture, and Type III pneumococci to a second. 
Agglutination occurred in both tubes. When these two suspensions 
were illuminated with ultraviolet light in the fluorescence micro- 
scope, the clumps of Type III organisms exhibited a bright blue 
fluorescence. No fluorescence was seen in the Type II clumps. After 
centrifugation the organisms were washed with 0.9% saline and re- 
centrifuged. Again the Type III organisms showed a bright blue 
fluorescence macroscopically, whereas the Type II organisms did not. 
Moreover, when Types II and III organisms were dried on different 


3 Creech, H. J., and Jones, R. N., J. Am. Chem. Soc., 1940, 62, 1970; J. Am. 
Chem. Soc., 1941, 63, 1661, 1670. 
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parts of the same slide, exposed to the conjugate for 30 minutes, 
washed in saline and distilled water, and mounted in glycerol, individ- 
ual Type III organisms could be seen with the fluorescence micro- 
scope, whereas the Type II organisms were invisible, although their 
presence was readily demonstrated at the same focus with visible 
light. Non-specific adsorption and mechanical occlusion of fluores- 
cent molecules during agglutination would thus seem to be eliminated. 
Although the isocyanate undoubtedly reacts with other protein 
molecules in the antibody solution, it seems clear that the antibody 
molecules also have undergone conjugation without demonstrable 
impairment of specific function. 

Mammalian connective tissue normally exhibits a blue fluorescence 
which is enhanced by formalin fixation. This particular antibody 
conjugate, therefore, is inadequate for the demonstration of antigen 
in tissues, although it might well have other uses. In progress is the 
preparation of conjugated antibodies in which it is expected fluor- 
escence of a distinctive character will be secured. 

Summary. A $-anthryl-carbamido derivative of antipneumococ- 
cus III rabbit antibody retains the original immunological properties 
while rendering Type II] pneumococci specifically fluorescent in 
ultraviolet light. 


It is a pleasure to acknowledge the constant advice and help so 
generously given by Dr. John F. Enders and Dr. Allan L. Grafflin, 
and the kind interest shown by Dr. Louis F. Fieser. 
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Effect of Local Application of Sulfanilamide upon Wound 
Healing.* 


Max TAFFEL AND SAMUEL C. Harvey. 


From the Department of Surgery, Yale University School of Medicine, New 
Haven, Conn. 


The efficacy of the sulfonamides in the systemic treatment of 
certain types of infection has been definitely established. During the 
past few years several communications’® have described and recom- 


* Aided by a grant from the Fluid Research Funds of Yale University School 
of Medicine. 


i Jaeger, K. H., Deutsche med. Wehnschr., 1936, 62, 1831. 
2 Jensen, N. K., Johnsrud, L. W., and Nelson, M. C., Surgery, 1939, 6, 1. 
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mended the application of these drugs directly into raw wounds as 
a prophylactic or therapeutic measure against infection. Most of 
these reports based their contentions upon qualitative impressions 
gathered from the observation of a small series of patients rather 
than upon controlled studies. Before indiscriminately depositing 
these drugs into a raw wound it is essential to determine first of all 
whether they have any noxious effect upon the tissues involved in 
the healing of the wound. Bricker and Graham’ reported that the 
systemic administration of sulfanilamide had an inhibitory effect 
upon the healing of stomach wounds in dogs during the first 7 
postoperative days. Taffel and Harvey* found that sulfanilamide did 
not affect the healing of stomach wounds in rats during all of the 
normal phases of healing. The drug was given orally in doses 
sufficient to maintain an adequate and sustained ‘therapeutic’ blood 
level. 

This series of experiments was carried out to determine the effect 
of the local application of sulfanilamide upon the healing of a soft 
tissue wound. Adult white rats weighing about 250 g were used. 
The tensile strength of the wound served as an index of healing. 
In addition, histological studies were made of the wounds. 

I. Experimental Group. 57 animals. This group was main- 
tained throughout the duration of the experiment on a diet of 
Purina Dog Chow. On the 3rd day of the diet the stomach was 
delivered through an incision in the anterior abdominal wall and 
0.2 cc of a 3% suspension of sulfanilamide in normal saline were 
injected through a fine needle into the wall of the cardia. This 
raised an edematous wheal which measured about 1.5 cm in diameter 
and which involved all the layers of the stomach wall. The finely 
powdered crystals of the drug were clearly visualized and appeared 
to be evenly distributed throughout the edematous zone. A wound 
was then made through one diameter of the wheal directly into the 
lumen of the stomach. The wound edges, finely stippled with drug 
particles, were immediately resutured in one layer with a running 
continuous Connell suture of No. 000 plain catgut, which, as has 
been previously shown, loses its tensile strength well within the 
4th day. The abdominal wall was closed with 2 layers of fine No. 


3 Campbell, W. C., and Smith, H., J. Bone and Joint Surg., 1940, 22, 959. 

4 Herrell, W. E.,.and Brown, A. E., Proc. Staff Meet., Mayo Clinic, 1940, 15, 611. 
5 Key, J. A., and Frankel, C. J., Ann. Surg., 1941, 1138, 284. 

6 Rosenburg, S., and Wall, N. M., Surg., Gynec. and Obst., 1941, 72, 568. 

7 Bricker, E. M., and Graham, E. A., J. dA. M. A., 1939, 112, 2593. 

8 Taffel, M., and Harvey, S. C., Proc. Soc. Exp. Bron. AND Mmp., 1940, 45, 647. 
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A-silk, and 0.2 cc of normal saline were injected into the subcu- 
taneous tissues of the groin. On each of the 4th, 6th, Sthy 10th 12th; 
and 14th postoperative days 5 to 9 animals were sacrificed, and the 
strength of the wound immediately determined by distending the 
stomach with air and noting its bursting point. At each time interval 
the stomachs of 2 or more animals were reserved intact for histo- 
logical examination of the wounds. No studies were made during 
the first 4 postoperative days, since it has been shown that during 
this interval the wound has only the strength contributed by the 
holding power of the suture. 

II. Control Group. 54 animals. This group was similarly 
maintained upon a diet of Purina Dog Chow. On the 3rd day 0.2 cc 
of normal saline were injected into the wall of the cardiac end of 
the stomach, and wounds similar to those of the experimental group 
were made. At the close of the operation 0.2 cc of a 3% suspension 
of sulfanilamide in normal saline were injected into the subcutaneous 
tissues of the groin. Tensile strength and histological studies were 
carried out from the 4th through the 14th postoperative day. 


trength 


5 


’ 


Mean Tensile 
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e———e — Control group 
0----0 = Experimental group 
0 = Difference not significant 


IMGs Il, 


FUNCTIONAL LOCALIZATION IN ANT. CEREBELLUM 205 


The stomach wounds all healed per primam. In each group the 
averages of the breaking strength and the standard deviation for 
every postoperative interval were computed. Fisher’s’ formula for 
small samples was applied to determine whether the differences in the 
means of the two groups were statistically significant. 

Results. The local application of sulfanilamide crystals in the 
edges and in the immediate vicinity of stomach wounds in rats did 
not affect the healing of these wounds. (Fig. 1.) Histological 
studies of the wounds in the experimental group revealed the rare 
presence of the sulfanilamide crystals. These were engulfed within 
multinucleated giant cells which were located only in the serous 
and submucous coats at the margins of the wound, but not in the 
zone of actively proliferating fibroblasts. Except for this mild 
foreign body reaction the microscopic picture was essentially the 
same as that in the control group. 
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Functional Localization Within the Anterior Cerebellum. 


GERVASE J. CoNNor. (Introduced by S. C. Harvey.) 


From the Departments of Surgery and Physiology, Yale University School of 
Medicine, New Haven, Conn. 


The anterior cerebellar lobe is that portion of the corpus cerebelli 
lying anterior to the primary fissure. It includes 3 major subdi- 
visions, the culmen, centralis and lingula; the first 2 of these areas 
possess definite hemispheral expansions. In a previous communica- 
tion’ a short description was given of the postural deviations which 
follow removal of the entire anterior cerebellar lobe. The present 
report deals with the results of further studies in the dog, cat and 
monkey, designed to investigate the problem of localization of 
function within this region. 

The ablations were made from above through the tentorium. The 
series included 53 dogs, 18 cats and 23 monkeys. The animals were 
observed postoperatively for periods ranging from 5 days to 
1% years, were sacrificed under anesthesia, the brains removed and 
studied grossly. Detailed histological studies were obtained in 42 
animals; appropriate serial sections of the brain stem and cerebel- 


9 Fisher, R. A., Statistical Methods for Research Workers, Edinburgh, 1934. 
1 Fulton, J. F., and Connor, G. J., Trans. Am, Neurol. Soc., 1939, 53. 


206 FUNCTIONAL LOCALIZATION IN ANT. CEREBELLUM 


lum in each were stained by either the Spielmeyer, Kulschitsky, Nissl 
or hemotoxylin and eosin method. The results may be summarized 
as follows: 

I. The spinal (paleocerebellar) anterior lobe. 

(1) Ablation of the culmen alone provokes a complex of signs 
entirely similar in direction to those already described in the total 
anterior decerebellate preparation, but, strikingly, they are limited 
to the hindlegs, each of which is equally involved. The forelegs 
and the neck are unaffected. The syndrome of this region is char- 
acterized by a profound release of the antigravity muscles in the 
hindlegs, of such a nature that these muscles respond hyperactively 
to all extensor postural influences. The local static reflexes are 
conspicuously increased; thus, the positive supporting reaction 
(Sttitz response) is strongly hyperactive and well-defined lengthen- 
ing and shortening reactions are present. The segmental static 
responses are similarly released; the reflexes of stance, the Schun- 
kel, Hinkebein and Stemmbein reactions are increased to such a 
degree that, in the hindlegs, the gait is crooked and weaving, the 
extremities exhibit marked errors in range, rate, force and direction 
and are placed inefficiently for smooth balance. Moreover, the 
strength of these postural responses is distinctly modified by general 
static influences; thus, the neck tonic and labyrinthine tonic in- 
fluences result in a further increase or decrease, appropriately, in 
each of these reactions. The deep tendon reflexes of the involved 
hindlegs are likewise hyperactive and spreading and can be modified 
by changes in the animal's position in space. This extensor release 
is significantly less in degree than that observed after total anterior 
decerebellation, for reasons which will be noted. 

Further restriction of the ablation to one lateral expansion of the 
culmen results in entirely similar signs but with their further lim- 
itation to the ipsilateral hindleg alone. There thus appears a com- 
plex of signs restricted solely to a single extremity. 

(2) The posterior centralis, which possesses a definite hemi- 
spheral expansion, controls, similarly, the forelegs alone. Extirpa- 
tion restricted to this region is followed by the signs already noted but 
they are now limited to both forelegs, each of which is equally in- 
volved. Further restriction of this ablation to one hemispheral 
expansion in this region provokes the same signs but, again, these 
are limited to a single extremity, the ipsilateral foreleg. 

(3) The anterior centralis, a predominantly midline structure, 
presides in like manner over the neck extensors. The signs are 
limited to the neck and are somewhat more subtle than those already 
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noted. There appears an increased extensor postural sensitivity in 
the neck muscles but a conspicuous opisthotonos fails to appear un- 
less the “released” neck muscles are further reflexly stimulated (see 
below ). 

II. The vestibular (lingula) anterior lobe. (4) Following pure 
lesions of the lingula the signs are such as to suggest “release’’ of 
the labyrinthine tonic influences. Though disequilibration is pro- 
found, local and segmental postural reflexes in the extremities are 
entirely normal provided support is afforded the animal’s head. The 
labyrinthine tonic effects upon the extremities are, however, ab- 
normally increased. The syndrome fails to appear after preliminary 
labyrinthectomy. 

(5) Results of combinations of these discrete ablations indicate 
that opisthotonos appears only when the neck extensors are released 
and, in addition, a tonic influence upon them is also increased above 
normal. Thus, the prime requisite is that the anterior centralis be 
removed; then, either the labyrinthine tonic influences must be re- 
leased by lingular ablation (resulting, compositely, in an extreme 
opisthotonos ), or the foreleg extensor influence upon the neck be 
released by posterior centralis removal (resulting, compositely, in a 
mild opisthotonos ). 

Summary. Ablation studies in the dog, cat and monkey reveal a 
functional type of localization within the anterior cerebellar lobe. 
This localization is so precise that functional units in single ex- 
tremities, the neck and the labyrinths are discretely represented in 
isolated anterior cerebellar subdivisions. 
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Developmental Rate of Hybrids between Rana pipiens and 
Rana sphenocephala. 


Joun A. Moore. (Introduced by L. G. Barth.) 


From the Department of Biology, Brooklyn College, Brooklyn, N.Y. 


This forms the second report on developmental rate in hybrid 
frogs. The purpose of these experiments, in hybridizing species 
that differ in rate of development, is to determine the earliest effect 
of the sperm on this particular character. Previously such a study 
has been made on hybrids between Rana pipiens and Rana palustris." 


"1 Moore, J, Eap. Zool., 1941, 86, 405. 
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Both hybrids, pipiens 2 X palustris § and palustris 2X pipiens 3 de- 
veloped at the maternal rate during early stages. The first unmis- 
takable deviation from the maternal rate appeared in the neural plate 
stage in both hybrids. Additional evidence on these points is de- 
rived from the following crosses. 

The material used in these experiments is from the following 
sources: Rana pipiens Schreber from dealers in the Lake Champlain 
area of Vermont and Rana sphenocephala (Cope) from dealers in 
southern Florida. Although listed as separate species by many 
taxonomists the two are closely related and are thought best in- 
cluded under one name by Kellogg.” Regardless of their true 
taxonomic status the two frogs form viable hybrids and differ in 
rate of growth to such an extent that it is possible to analyze the 
developmental rate of their hybrids. At 15°C the rate of both species 
is identical. At higher temperatures sphenocephala develops more 
rapidly and below 15° less rapidly than pipiens. The egg diameter 
in the sphenocephala used in these experiments averaged 1.3 mm 
and in the pipiens 1.8 mm. Whereas the upper limit for normal 
development in pipiens is 28° or 29°, the Florida species can tolerate 
temperatures as high as 34.5°. 

The first experiment was begun Jan. 20, 1939. Gametes of both 
male and female pipiens and sphenocephala were used, the eggs 
being secured by pituitary injections and sperm by cutting the testes 
in 0.1 amphibian Ringer’s. One hour before first cleavage the 2 
groups of control eggs (pip. 2 X pip. J and sph. 2 X sph. 3) and 
the 2 groups of hybrids (pip. 2 X sph. $ and sph. 2 X pip. 3) were 
placed in an incubator which maintained water temperature at 
19.6 + 0.1°C. Because of the difference in size between the eggs of 
the 2 species it was possible to keep both the sphenocephala and 
pipiens controls in one bowl and the pip. 2 X sph. d and sph. 2 X 
pip. & hybrids together in another. This reduced the error of 
measuring rate of development due to temperature variations. 

The interval between cleavages was not measured in this experi- 
ment. The sphenocephala controls and sph. 2 X pip. J began gas- 
trulation (stage 10°) 17% hours after first cleavage (Table 1). At 
20 hours the sphenocephala controls were in stage 11. In the sph. 2X 
pip. & gastrulation seemed not to have progressed quite so far. At 
24 hours the pipiens controls and pip. 9 X sph. & had begun gas- 
trulation. By this time the sphenocephala controls had a complete 
blastopore (stage 12). The sph. Q X pip. & appeared somewhat 


2 Kellogg, Bull. U. S. National Musewm, 1932, 160. 
3 Pollister and Moore, Anat. Rec., 1937, 68, 489. 
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retarded at this time, as they were at 20 hours. However, this 
difference was slight and may not have been of significance. At 28% 
hours after first cleavage an unmistakable retardation in rate was 
noticed in the sph. 2 X pip. 3. The sphenocephala controls at this 
time were in stage 13 (neural plate) whereas the hybrids in question 
were still in stage 12. The reciprocal hybrids showed the first un- 
mistakable deviation from the maternal rate at about the same mor- 
phological stage. Forty-five and one-half hours after fertilization 
when the pipiens controls were in stage 14 (neural folds) the 
pip. 2 X sph. J were still in stage 13. Previous to this time it was 
not possible to detect any difference in rate between these hybrids 
and the maternal controls. 

When examined at later times it was found that both groups of 
hybrids continued to be slower in development than their respective 
controls. The sph. 2 X pip. J were the most retarded group and 
exhibited a rather constant morphological deviation, the heads of 
these tadpoles being very small. In the reciprocal cross, pip. 2 X 
sph. 3 the heads seemed to be much too large. 

Some of these animals together with others from a similar ex- 
periment were placed in tanks and many hybrids of both types were 
raised to large tadpoles and young frogs. In early stages when the 
different groups were examined carefully no difference in mor- 
tality could be noticed. In all groups about 95% gave rise to normal 
tadpoles. 

Further experiments were undertaken in the 1940 season to study 
the rate of cleavage in the hybrids and to pay special attention to the 
stage at which hybrids deviated from the maternal rate of develop- 

TABLE I. 


Development of Rana pipiens, Rana sphenocephala, and their hybrids at 
OG rte eC: 


Stage of development 


Hrs. after sphenocephala sph. 9 X pip. 8 pip. 9 X sph. g pipiens 
Ist cleavage controls hybrids hybrids controls 
17% 10 10 9 9 
2 itil 10 9) 9 
24 12 12 (early) 10 10 
26 12 12 10 10 
2816 13 12 11 iil 
31 3 3 12 12 
37 14 3 12 12 
451% 14 14 13 14 
481% 16 15 14 14 
54% 16 16 14 16 
67 17 iff 16 17 
76% 18 18 Wy 18 
89 20 18 18 18 
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ment. In these experiments the only hybrids studied were pip. oo 
sph. J. 

No deviation from the maternal rate of cleavage was noticed. 
At 23.8+0.1°C the pipiens controls reached first cleavage in 112 
minutes after fertilization. The time for the pip. 2 X sph. d was 113 
minutes. The interval between first and second cleavage was 40 
minutes for both groups of eggs. The pipiens controls required 39 
minutes between second and third cleavage and the pip. 2 X sph. 3 
40 minutes. 

Three experiments were carried out at 23.8 + 0.1°C to detect 
the first deviation of the pip. 2 X sph. & hybrids from the maternal 
rate. In the first the hybrids were possibly retarded at 20 hours 
after first cleavage (stage 12). In the second experiment a definite 
retardation was noticed at 2334 hours (stage 12). In the third ex- 
periment the hybrids and controls were identical at 18 and 21 hours 
(stage 12). In all cases the retardation was unmistakable during 
neural plate stages. Experiments at 27.5°, 18.5°, and 15.5° gave 
similar results. In all experiments there seemed some indication that 
the retardation in rate of development began near the close of gastru- 
lation. This retardation was invariably evident in neural plate 
Stages. 

In contrast with the regular development of the hybrids in the 
1939 season the mortality and percentage of abnormal tadpoles 
during 1940 was extremely high. The most obvious external ab- 
normality of the pip. 2 X sph. J hybrids was in the functioning of the 
circulatory system. Gill circulation was abnormal or lacking in most 
embryos. The gill filaments were usually bulbous at the end and 
the presence of a large bleb at the base of the gills seemed charac- 
teristic. In many the heart was not beating. Over 95% of these 
embryos died as young tadpoles. 

At the present no explanation of the difference in results obtained 
the two seasons is offered. The collector who supplied the animals 
states that during 1940 lack of rain and cold had been very hard on 
the frogs and they were not “in breeding condition.” The cause of 
these abnormalities, interesting in itself, is apart from the main 
purpose of the experiments. In all the observations on hybrid rate 
of development are consistent. The developmental rate of the hy- 
brids is maternal until late in gastrulation. Possibly towards the 
end of gastrulation and certainly in the neural plate stage the sperm 
exerts an effect on the rate of development. This is precisely the 
stage at which the first unmistakable effect of the sperm was noticed 
in the pipiens X palustris cross mentioned before.! 
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Serum Protection Tests with the Lansing Strain of Murine 
Poliomyelitis Virus. 


C..G. HARFORD AND J. BRONFENBRENNER. 


From the Department of Bacteriology and Immunology, Washington University 
School of Medicine, St. Lowis, Mo. 


Armstrong's’ * method for the adaptation of the Lansing strain 
of human poliomyelitis virus has consisted of preliminary passage in 
monkeys and cotton rats. Because previous attempts by many 
workers® to adapt the virus of poliomyelitis by direct passage to 
mice have failed, it has been suggested that the Lansing virus in 
mice may possibly represent not the original human virus but some 
other virus picked up during that passage. Although Armstrong? 
showed that the sera of some monkeys convalescent from the disease 
protected against the virus, we thought that further study of the 
identity of the virus by means of serum protection tests was de- 
sirable. 

In our experiments protection tests were carried out in such a way 
as to allow direct statistical analysis of the findings and have found 
that serum tests carried out and evaluated as described give signifi- 
cant results. The protection tests were carried out mainly with 
human and monkey sera taken early and late after onset of paralysis 
in order to see whether antibodies capable of protecting against the 
Lansing strain developed following the paralytic disease. We have 
included also a sample of pooled human convalescent serum as well 
as the serum of rabbits immunized by injections of mouse passage 
virus, 

Fresh virus suspensions were prepared for each individual experi- 
ment by grinding the base of the brain and the spinal cord of one 
or two paralyzed mice with enough saline to make about a 1:4 sus- 
pension. Only mice paralyzed within 8 days after inoculation and 
those in which paralysis had existed for not longer than 2 days were 
used. After centrifugation, 0.75 cc of the supernatant was added 
to an equal amount of serum, mixed thoroughly and without further 
incubation 0.03 cc of the mixture was injected intracerebrally into 
each of 20 Swiss mice. Care was taken to make the control normal 


1 Armstrong, C., Pub. Health Rep., 1939, 54, 1719. 

2 Armstrong, C., Pub. Health Rep., 1939, 54, 2308. 

8 Harmon, P. J., Shaughnessy, J. H., and Gordon, F. B., J. Prev. Med., 1930, 
4, 59, 89. 
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TESTS WITH MurRINE POLIOMYELITIS VIRUS AMS 


serum-virus mixtures first and to inject the immune serum-virus 
mixtures first so that variation in time of contact with serum or 
time before injection could not influence the result. 

The incubation period with this infection has varied within wide 
limits (2 days to 59 days) and, in spite of about 30 passages, this 
variability still persists. For this reason, in each case we have re- 
corded the number of days elapsed between the injection and the 
first manifestation of infection. Calculation from the figures in 
Table I shows that, of those animals eventually dying or becoming 
paralyzed, 24% did so after an incubation period of 21 days. Fur- 
thermore, it will be noted that a greater proportion of long incubation 
periods tended to occur in mice receiving injections of immune 
serum-virus mixtures. 

Schaeffer and Muckenfuss* have emphasized the irregularities in 
the results of protection tests encountered when the monkey is used 
as atest animal. This appears to be true also with respect to results 
obtained with tests in mice. However, calculation of the value of 
chi square, as described by Mainland,’ indicates that our results 
represent data which are statistically valid. We believe that, follow- 
ing the procedure described above, we have avoided the use of more 
animals than necessary and also have obtained results of maximum 
significance, 

The sample of pooled human convalescent serum used in Experi- 
ment 1 was part of that which was subjected to repeated testing in 
monkeys by Schaeffer and Muckenfuss. In our single test with 
the Lansing strain in mice, it also gave protection. 

Neither of the samples of serum of the patient R.T. neutralized the 
virus (Experiment 2). This boy had definite clinical paralytic 
disease and may have developed protective antibody, but the failure 
of his serum to neutralize the Lansing virus might have been due to 
the fact that his infection was caused by an antigenically hetero- 
geneous strain. 

Both of the samples of J. M. showed the presence of antiviral 
property and this is thought to be due to the fact that the first 
sample was taken so late after the acute stage of the infection (17 
days) that the development of antibody had already taken place 
CEsiperinient .3 ). 


4 Schaeffer, M., and Muckenfuss, R. S., Haperimental Poliomyelitis, published 
under the auspices of the National Foundation for Infantile Paralysis, 1940. 

5 Mainland, D., The Treatment of Clinical and Laboratory Data. An Introduc- 
tion to Statistical Ideas and Methods for Medical and Dental Workers, Oliver and 
Boyd, 1938. 
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We have no explanation as to why the serum of E.H. showed 
antibody shortly after onset of paralysis but failed to protect mice 
later on (Experiment +4). 

Sera of Monkey R.H. 42 were obtained from Dr. A. B. Sabin. 
This animal had been paralyzed by the MV strain of poliomyelitis 
virus and protection tests carried out in monkeys by him had yielded 
the same results as those we have secured by protection tests in mice 
(Experiments 5, 6, and 7). The main reason for repeating the ex- 
periments with monkey sera is the fact that one presumably normal 
monkey serum (Experiment 5) appeared to have exhibited a con- 
siderable amount of protection. These experiments with the monkey 
sera indicate that antibody appeared in this animal between one and 
3 months after paralysis. 

Although the injection with the serum of immunized rabbits re- 
sulted in fewer animals developing the disease, calculation showed 
that results of this experiment were not statistically significant (Ex- 
periment 8). 

Thus, while some of the human sera neutralized with Lansing 
virus, we have been unable so far to secure evidence that such neu- 
tralizing antibodies appear shortly after the clinical signs of infec- 
tion. Similar findings with monkey tests have been obtained by 
other workers.* ' However, the experiments with the sera of the 
monkey definitely indicate the development of neutralizing anti- 
body after paralysis. These limited experiments cannot be said to 
have proved the identity of the Lansing virus. However, both the 
results with human and with monkey sera are consistent with the 
supposition of the existence of a serological relationship between 
the Lansing strain and the virus causing some cases of human 
disease. 

Since we began these experiments, the reports of serum protection 
tests by Haas and Armstrong,* and with similar strains by Jungeblut 
and Sanders’ and Toomey and Takacs’ have been published. Never- 
theless, we have considered our results worthy of recording not only 
because they strengthen the evidence in favor of considering the 
virus of Armstrong as immunologically related to poliomyelitis, but 


6 Brodie, M., Fischer, A. H., and Stillerman, M., J. Clin. Invest., 1937, 16, 447. 

7 Burnet, F. M., and Jackson, A. V., Australian J. Exp. Biol. and Med. Sci., 
1939, 17, 261. 

8 Haas, V. H., and Armstrong, C., Pub. Health Rep., 1940, 55, 1061. 

9 Jungeblut, C. W., and Sanders, M., Proc. Soc. Exp. Bron. AND Mep., 1940, 
44, 375; J. Exp. Med., 1940, 72, 407. 


10 Toomey, J. A., and Takaes, W. S., Proc. Soc. Exp. Brot. anp Mep., 1941, 
46, 319. 
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also because they have been considered in connection with the time 
of onset of paralysis. This has seemed particularly desirable since 
Haas and Armstrong found that the occurrence of antibody could 
be correlated more closely with age than with the clinical disease. 

Summary. Serum protection tests in mice have been done and 
the results are significant as tested by a simple statistical method. The 
experiments are in favor of the view that the Lansing strain is im- 
munologically related to human poliomyelitis. 


We acknowledge, with thanks, assistance from the following: 
Mr. Louis Mihelich and Miss Frances Love (technical assistance), 
and Doctor Martin Bronfenbrenner (advice on statistical method). 
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A Human Serum Containing Four Distinct Isoagglutinins. 


ALEXANDER S. WIENER* AND SAMUEL Forer. (With the technical 
assistance of Eve Sonn.) 


From the Serological Laboratory, Office of the Chief Medical Examiner, New 
York City. 


The serum to be described was studied because the patient from 
whom it was derived had had hemolytic reactions following trans- 
fusions of apparently compatible blood. In this report we shall 
present the serologic findings; the clinical data will be described 
elsewhere.’ 

The patient belonged to group 0, type N. The patient’s serum 
agglutinated every one of 28 consecutive group 0 bloods. That we 
were not dealing with an autoagglutinin was proved by the absence 
of agglutination in mixtures of the patient’s serum with her own 
cells. Evidently the serum contained isoagglutinins in addition to 
anti-A and anti-B. 

Since the patient was Rh negative,” * it seemed possible that anti- 
Rh isoagglutinins might be present in her serum. Accordingly the 
serum was absorbed with pooled, washed cells A,MNRh- and 


Research Council. 

1 Wiener, A. S., Forer, S.,.and Crooks, P. E., in preparation. 

2 Landsteiner, K., and Wiener, A. 8., Proc. Soc. Exp. Biot. AND MeEp., 1940, 
43, 223. 

3 Wiener, A. S., and Peters, H. R., Ann. Int. Med., 1940, 18, 2306. 
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BMNRh-. The absorbed serum was found to give reactions coincid- 
ing with those of standard Rh antisera, proving that the anti-Rh 
isoagglutinin was present. Since tests on Rh negative bloods with 
the unabsorbed serum showed that most of the bloods were agglu- 
tinated, it was evident that another irregular isoagglutinin was 
present. Difficulty was encountered in separating the unknown 
isoagglutinin from the anti-Rh isoagglutinin by absorption ex- 
periments. A separation between them was readily effected, how- 
ever, when it was found that the anti-Rh isoagglutinin acted 
strongly at body temperature, and not at all at refrigerator tempera- 
ture, while the unidentified isoagglutinin acted only in the cold. 

In order to ascertain the nature of the fourth isoagglutinin, it was 
necessary to test a larger series of bloods. On account of the pres- 
ence in the patient’s serum of anti-A and anti-B isoagglutinins, bloods 
of groups A, B, and AB could not be tested directly. It was found 
that by the simple addition to the patient’s serum of a solution of 
the group substances A and B (Table 1), the action of the inter- 
fering a and B isoagglutinins could be completely neutralized without 
affecting the activity of the anti-Rh isoagglutinin or the other irregu- 
lar isoagglutinin. Moreover, by making tests with serial dilutions 
of the patient’s serum at body and refrigerator temperatures, the 
reactions of the anti-Rh isoagglutinin and the fourth isoagglutinin 
were readily separated as shown in Table I. It will be seen that 
every blood not clumped by the patient’s serum at low temperature, 
belongs to type N, like that of the patient, suggesting that the fourth 
isoagglutinin is an anti-M isoagglutinin, That this is correct was 
established by tests on a series of bloods including 10 of type N. 

From the serologic standpoint, these observations are of some 
interest. Firstly, this is apparently the first human serum to be 
described in which 2 different irregular isoagglutinins could be 
clearly identified. Secondly, this is one of the few human sera to 
be described with anti-M isoagglutinins in it, of which Only threes 
have previously been encountered among many thousands of human 
sera examined. The serum is also unusual because of the high titer 
of the anti-Rh isoagglutinin, the titer being 64 at 37°C. It is inter- 
esting that despite the high titer, the anti-Rh isoagglutinins were not 
active at all at ice-box temperature, in contrast to the sera previously 
reported by Wiener and Peters.* Such anti-Rh isoagglutinins acting 
at body temperature have been described by Levine, Katzin and 


4 Wolff, E., and Jonsson, B., Deutsch Z. f. d. ges. gerichtl. Med., 1933, 22, 84. 
5 Friedenreich, V. Z. f. Immunitdts., 1937, 91, 485. 
6 Moureau, P., and Lambert, J., Ann. de Med. Leg., 1940, 20, 163. 
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Burnham,” however. Incidentally, the fact that it was possible to 
neutralize the interfering anti-\ and anti-B isoagglutinins in human 
sera without affecting the irregular isoagglutinins, by the simple 
expedient of adding solutions of group substances from saliva, is 
evidence that the properties Rh and M are absent from saliva, in 
contrast to A and B.* 

From the clinical standpoint, the case illustrates the difficulties 
that may be encountered on rare occasions in finding compatible 
donors for blood transfusion. That three subsequent transfusions 
from two different selected donors of type ONRh- were successful 
indicates that such obstacles can be overcome. 


The authors wish to thank Dr. Harry Aranow, Director of Ob- 
stetrics, and Dr. P. E. Crooks, Resident in Obstetrics and Gyne- 
cology, of the Morrisania City Hospital for their cooperation in 
providing samples of the patient’s blood. 
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Adrenolytic Action of Cyclopropane.* 


J. W. StutzMan anpd C. R. ALLEN. (Introduced by W. J. Meek.) 


From the Department of Physiology, University of Wisconsin, Madison. 


Previous work” * * has shown that 30 minutes of cyclopropane 
anesthesia sensitizes the heart of the dog so that ventricular tachy- 
cardia follows the injection of 0.01 mg of adrenalin’ per kilogram. 
The only ventricular effect of this dose in the unanesthetized animal 
is extrasystoles. In studying the mechanism of this sensitization it 
was observed that some dogs which showed 30 seconds or more of 


7 Levine, P., Katzin, E. M., and Burnham, L., Proc. Soc. Exp. Brou. AND Mrb., 
1940, 45, 346. 

8 Dr. Philip Levine (personal communication) has also found that the property 
Rh is probably restricted to the blood cells. 

* Supported in part by grants from E. R. Squibb & Sons and the Wisconsin 
Alumni Research Foundation. 

1 Meek, W. J., Hathaway, H. R., and Orth, 0. 8., J. Pharm. and Exp. Therap., 
1937, 61, 240. ‘ 

2 Orth, O. S., Leigh, M. D., Mellish, C. H., and Stutzman, J. W., J. Pharm. and 
Exp. Therap., 1939, 67, 1. 


3 Allen, C. R., Stutzman, J. W., and Meek, W. J., Anesthesiology, 1940, 1, 158. 
+ Parke Davis adrenalin hydrochloride. 
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cyclopropane-adrenalin tachycardia after 30 minutes of anesthesia 
had no irregularities when adrenalin was injected subsequently after 
the anesthesia had continued for a longer time. This paper is an 
investigation of this adrenolytic action of cyclopropane on the car- 
diovascular system. By adrenolytic action is meant the blocking of 
the response of the effector organs to the injection of adrenalin. 
In this study blood pressure and cardiac responses were used as 
indicators, 

In order to determine the percentage of dogs that develop this 
tolerance to adrenalin within 5 hours of cyclopropane anesthesia 
31 dogs were anesthetized without premedication, intubated to in- 
sure an open airway, and connected through a soda-lime carbon 

TABLE I. 


Duration of Ventricular Tachycardia in Dogs Following the Injection of 0.01 mg 
Adrenalin per Kilogram under Cyclopropane Anesthesia. 


Minutes of cyclopropane anesthesia 


Dog No. 5 30 90 120 150 210 300 Remarks 

see sec sec sec sec se¢ sec 

1 12 0 Complete protection 

2 30 0 

3 18 0 

4 28 0 

5) 30 0 

6 40) 0 

if 44 0 

8 D5 0 

9 65 0 

10 Bie 48 31 0 

11 65 40) 0 

2 70 72 64 0 

13 all 45 Vee 

14 29 40, 44 35 0 

1d 32 45 30 30 0 

16 52 DAS, 30 0 

Mf 65 30 30 25 0) 

18 76 63 63 0 

19 79 73 66 0 

20 79 66 38 36 By Partial protection 

21 76 72 30) 25 18 

22 70 68 65 70 20 

2 60 50 50 50, 50, 30 

24 60 70 45 47 40 

25 76 67 64 51 

26 51 51 35 42 41 38 No protection 

2 50 49 45 44 43 

28 48 64 61 54 73 

29 Ventricular fibrillation 

30 MA 9? 


31 ge a 
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dioxide absorber to a 100 liter bag containing a 32% mixture of 
cyclopropane in oxygen. In dogs this concentration of the anes- 
thetic agent produces deep surgical anesthesia with at least partial 
intercostal paralysis. Atter 30 minutes of this constant mixture 
the dogs were injected intravenously with 0.01 mg of adrenalin per 
kilogram in 5 ce of normal saline at a constant rate of 1 cc per 10 
seconds. The duration of ventricular tachycardia was determined 
by electrocardiograms (lead IL) taken throughout a 5-minute period 
beginning with the injection. The injection of adrenalin was re- 
peated after 90, 150, 210, and 300 minutes of cyclopropane anes- 
thesia or until no ventricular tachycardia occurred. Direct blood 
pressure tracings were made of 9 of the dogs. 

From Table I it can be seen that 19 of the 31 dogs developed a 
complete protection to cyclopropane-adrenalin tachycardia in 300 
minutes or less of anesthesia. Of these animals 2 had no ventricular 
tachycardia after 30 minutes; 6 after 90 minutes; 1 after 150 min- 
utes; 4 after 210 minutes; and 6 after 300 minutes. Of the remain- 
ing 12 dogs 6 had an average ventricular tachycardia of 70 seconds’ 
duration when adrenalin was injected after 30 minutes of anes- 
thesia but had an average of only 29 seconds tachycardia following 
the injection after 300 minutes. These dogs were considered as 
being partially protected. Three of the remaining dogs showed no 
protection within 300 minutes of anesthesia and 3 died of ven- 
tricular fibrillation as a result of the first injection of adrenalin. 

After the development of complete protection higher doses of 
adrenalin were given to 13 dogs. Table II indicates the results. Each 
of the 10 dogs receiving 2 times the control dose showed no tachy- 
cardia. Three of 9 dogs had ventricular tachycardia following the 
injection of 5 to 10 times the control dose. There was no case of 
ventricular fibrillation with high doses of adrenalin even though 4 
of the animals received 1 mg per kilogram, which is 100 times the 
control dose and more than the M.L.D. for the unanesthetized dog.‘ 
The degree of protection appears to be of the same order as that 
produced by decerebration, by bilateral sympathectomy,* by blocking 
the sympathetics with sympatholytic agents, or by protecting the 
heart with adrenolytic drugs.° 

The blood pressure levels and the responses to the injections of 
adrenalin before and after complete protection from cyclopropane- 
adrenalin tachycardia are listed in Table III. The average pressure 


4 Parkins, W. M., Swingle, W. W., Taylor, A. R., and Hays, H. W., Am. J. 
Physiol., 1938, 123, 669. 


5 Orth, O. S., and Allen, C. R., Am. J. Physiol., in press. 
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TABLE II. 
Increased Doses of Adrenalin under Cyclopropane Anesthesia. 
Duration of Ventricular Tachyeardia. 
—<—_—_—_—_—_——————_—_————cGCSOOSZxx 


Before 
adrenolytic After adrenolytie action 
action — Time for 
Control Same 2X ox’s 10x’s 100x’s adrenolytie 
7 dose dose dose dose dose dose action to occur 
Dog No. sec see sec see sec see min 
3 61 0 10) 210 
28 0 0 0 120 
5 30 0 0 85 90 
6 40 0 15 30 90 
ff 44 0 0 0 90 
10 Bue O 0 40 210 
16 52 0 0 sg 210 210 
17 65 0 370 300 
32 50 0 0 120 
33 30 0 0 0 60 90 
34 be 0 0 0 90 
35 43 0 0 90 
36 53 0 0 240 


*40 sec of shifting pacemaker (S-A and ventricular). 

The control dose in each case was 0.01 mg adrenalin per kilogram. Fifteen 
minutes were allowed for recovery between injections of higher doses. All dogs 
recovered from Tachycardia. 
in the dogs while subject to tachycardia was 140 mm Hg, and the 
average after protection had developed was 136 mm Hg. A re- 
sponse of ventricular tachycardia following the injection of adrena- 
lin was always accompanied by a rise in blood pressure. After pro- 
tection developed the response to adrenalin was a rise in pressure 
for 4 of the dogs and either no change or a reversal for the other 5. 
From the responses of the first 4+ animals it is concluded that cyclo- 
propane exerts its adrenolytic action on the heart before it has this 
effect on the peripheral vascular system. In the remaining 5 dogs 
cyclopropane had produced an adrenolytic effect upon both the heart 
and the blood vessels. 

Repeated injections of adrenalin in doses of the magnitude used 
in this study cause comparable blood pressure rises in normal ani- 
mals.° That this failure to obtain cyclopropane-adrenalin tachy- 
cardia is not due to the repeated injections of adrenalin is shown in 
Table I. Nine dogs had complete protection from ventricular tachy- 
cardia on the second injection; while after the fifth injection dogs 
1, 3 and 13 had irregularities comparable in duration to those ob- 
tained with the first injection. 

Furthermore, that the adrenolytic action of cyclopropane is not 
the result of general debilitation from prolonged anesthesia 1s evi- 


6 Sollmann, T., 4 Manual of Pharmacology, 5th ed., Saunders, 1940, p. 418. 
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TABLE III. ; 
Blood Pressure under Cyclopropane Anesthesia. 
Eee 
Blood pressure 


Duration 

Level before Response to ventricular 

Minutes of adrenalin adrenalin tachyeardia 
Dog No. cyclopropane (mm Hg) (mm Hg) sec 
ae 30 156 + 34 45 
210 140 + 30 0 
10 30 154 + 56 37 
210 142 + 46 0 
3 30 150 + 80 18 
90 174 + 58 0 
17 30 100 + 51 65 
300 140 + 25 0 
22 30 136 ae UeE 70 
330 120 0 0 
13 30 156 +104 faa 
210 155 — 5 0 
14 30 145 + 25 29 
300 105 — 10 0 
7 30 122 + 38 48 
90 130 — 18 0 
12 30 144 + 76 70 
210 122 — 30 0 


The dose of adrenalin in each injection was 0.01 mg per kilogram. 

Direct blood pressure determinations were made from the femoral artery. 
dent from the following: In Table I it is seen that 8 dogs developed 
protection with no more than 90 minutes of cyclopropane; while 9 
dogs still gave a response after 5 hours anesthesia. Blood pressure 
levels before and after the development of protection are comparable 
as shown in Table III. An analysis of the electrocardiogram before 
the injection of the test dose of adrenalin did not indicate whether 
the adrenolytic effect had developed. There were no significant 
changes in the P and T waves and the QRS complexes. The average 
heart rate before the development of protection was 127 beats per 
minute as compared to an average of 153 after the development of 
protection. 

Conclusion. Although cyclopropane initially sensitizes the dog’s 
heart so that the injection of adrenalin causes ventricular tachycardia, 
subsequently it may exert an adrenolytic effect on the cardiovascular 
system. 
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Separation of Thyrotropic and Interstitial Cell Stimulating 
(Luteinizing) Hormones of Ant. Pituitary. 


H. JENSEN AND SIBYLLE TOLKSDORF. 


From the Biochemical Laboratory, The Squibb Institute for Medical Research, 
New Brunswick, N.J. 


Introduction, Preliminary chemical and physiological studies 
of the relationship between the thyrotropic and interstitial cell-stim- 
ulating (luteinizing) factors of the anterior pituitary indicated the 
possibility that these two principles are either identical or very 
closely related in their chemical aspects.‘ We would like to emphasize 
that we did not regard the evidence thus far obtained by us as 
proving definitely the identity of the two factors. 

In the course of further chemical fractionation of our preparations 
we have obtained results which do not support the view of the identity 
of the two principles. We found that the interstitial cell-stimulating 
hormone can largely be freed from thyrotropic activity when pre- 
cipitated repeatedly between 0.25 and 0.35 saturation of ammonium 
sulfate and that the thyrotropic potency is precipitated mainly be- 
tween 0.35 and 0.5 salt saturation. 

Methods of Assay. The interstitial cell-stimulating activity of the 
various fractions was determined in hypophysectomized immature 
female rats according to the method previously described.” The 
thyrotropic effect was assayed in 4-day-old chicks according to the 
procedure of Smelser® * as well as in hypophysectomized immature 
rats, and was determined by the histological stimulation of the thy- 
roids rather than by the weight increase of that organ. It has been 
found that chick thyroids are more sensitive to thyrotropic hormone 
than the thyroids of hypophysectomized rats.” Comparison has been 
made of the minimal effective dose for interstitial cell stimulation in 
hypophysectomized rats and for stimulation of the thyroids in 
chicks. 

Experimental. The starting material, obtained from sheep pitut- 
tary according to the procedure of Jensen, Simpson, Tolksdorf and 


1 Jensen, H., Tolksdorf, Sibylle, J. Biol. Chem., 1940, 133, proceedings, p. 49. 

2 Jensen, H., Simpson, Miriam E., Tolksdorf, Sibylle, and Evans, Herbert M., 
Endocrinology, 1939, 25, 57. 

3 Smelser, G. K., Proc. Soc. Exp. Bron. AND Mep., 1937, 37, 388. 

4 Smelser, G. K., Endocrinology, 1938, 28, 429. 

5 Frankel-Conrat, Jane, Frankel-Conrat, Heinz, Simpson, Miriam E., and Evans, 
Herbert M., J. Biol. Chem., 1940, 135, 199. 
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Evans,” was repeatedly precipitated with ammonium sulfate between 
0.25 and 0.5 saturation and was found to have a comparatively 
high content of interstitial cell-stimulating and thyrotropic activity. 
Further fractionation with ammonium sulfate was carried out at a 
pH of 5 to 6 and a protein concentration of approximately 1%. An 
interstitial cell-stimulating fraction was obtained by repeated pre- 
cipitation between 0.25 and 0.35 saturation as described by Jensen, 
Tolksdorf and Bamman.® This preparation was found to contain 
between 100 and 200 interstitial cell-stimulating units per mg and a 
thyrotropic potency up to 10%.* 

From the supernatants of the precipitate obtained between 0.25 
and 0.35 ammonium sulfate saturation a fraction was isolated by 
repeated precipitation between 0.35 and 0.5 ammonium sulfate sat- 
uration which contained approximately equal amounts of inter- 
stitial cell-stimulating and thyrotropic potency. Traces of follicle- 
stimulating hormone were also found to be present. The minimal 
effective doses for interstitial cell-stimulating and thyrotropic potency 
found for representative samples of both fractions are illustrated 
in Table I. 

Discussion. The experiments reported indicate the separate 
existence of an interstitial cell-stimulating and a thyrotropic hor- 
mone in sheep pituitary as demonstrated by their slightly different 
solubility in the presence of ammonium sulfate. These findings are 
in agreement with the observations recently reported from other 
laboratories. Chow, Greep and van Dyke’ found that crystalline 
pepsin destroyed the thyrotropic hormone without seriously inacti- 
vating the interstitial cell-stimulating hormone. Fevold, Lee, Hisaw 
and Cohn* reported that the luteinizing (interstitial cell-stimulating ) 


TABLE I. 
Minimal Effective Doses for Interstitial Cell-Stimulating and Thyrotropic Potency. 
Hypophysectomized rats Chicks 
Preparation Ovarian IT* Thyroids Thyroids 
25-35 SASt 10 yan ecco ae 160 y 
.35-.5 SASt 50 ¥ 200 ¥ 40 » 
*IT— interstitial tissue. a 


tSAS 


saturation of ammonium sulfate. 


6 Jensen, H., Tolksdorf, Sibyle, and Bamman, Frieda, J. Biol. Chem., 1940, 
135, 791. 

* A purified interstitial cell-stimulating hormone preparation kindly supplied 
by Dr. H. M. Evans gave similar results. 

7 Chow, B. F., Greep, R. O., and van Dyke, H. B., J. Endocrinology, 1939, 1, 440. 

8 Fevold, H. L., Lee, Milton, Hisaw, F. L., and Cohn, E. J., Endocrinology, 
1940, 26, 999. 
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hormone is largely precipitated from sheep pituitary extracts at 
2.0 M concentration of ammonium sulfate and the thyrotropic hor- 
mone at 2.4 M. Evans and his collaborators’ have been able to 
obtain a thyrotropic fraction from anterior beef pituitary’ by am- 
monium sulfate precipitation between 0.3 and 0.5 saturation. Fur- 
ther purification yielded a thyrotropic preparation containing 10% 
of interstitial cell-stimulating hormone. 

Summary. The view of the identity of the interstitial cell-stimu- 
lating and thyrotropic pituitary factors could not be substantiated by 
the results obtained on further chemical fractionation of such prepa- 
rations. 
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Spontaneous and Reflex Emotional Responses Differentiated 
by Lesions in the Diencephalon. 


Morris M. Kess_ter.* (Introduced by Claude S. Beck. ) 


From the Department of Surgical Research, Western Reserve University. 


The diencephalic areas have been invoked as important subcor- 
tical centers having to do with the emotions.” * * The emotional 
reactions of animals with hypothalamic lesions have not been dif- 
ferentiated as spontaneous and reflex phenomena. The former 
appear without provocation and vary somewhat between different 
subjects. The reflex emotions occur only after stimulation of one 
or another sensory modality. The monkey is an excellent animal 
for study of spontaneous emotionality. He threatens, grimaces, 
wiggles his ears, undergoes pilo-erection, and vocalizes either in 
anger or in fear. When approached he may attempt to run away 
or permits his anger to carry him into definite aggressions. Oc- 
casionally, in blind rage, he dashes himself against the mesh of the 
cage as if he meant to rend it apart. Cats show a good deal less 
of spontaneous emotional display than do monkeys. 


+ It is generally accepted that anterior beef and hog pituitaries contain more 
thyrotropic hormone than sheep pituitary. 

* Dazian Research Fellow. 

1 Grinker, Roy R., Psychosomatic Med., 1939, 1, 19. 

2 Ingram, W. R., Psychosomatic Med., 1939, 1, 48. 

3 Kabat, H., Anson, B. H., Magoun, H. W., and Ranson, 8. W., 4m. J. Physiol., 
1935, 112, 214. 
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Material and Method. Monkeys and cats were used in this study. 
In all instances, the diencephalic lesions were placed under more or 
less direct vision by following the stump of one optic nerve to the 
chiasmal region. 

Observations. 1. Total destruction of the hypothalamus. 

Such a lesion invariably results in stupor in which there are no 
spontaneous emotional demonstrations. The stupor is frequently 
associated with cataleptic phenomena. When the animal is painfully 
stimulated, there is a prompt reflex display of emotions. The 
threshold to such reactions is elevated but the responses are certain. 
One cat responded to pressure over bony prominences, with baring of 
claws, opening of the jaws, an awesome rumbling in his throat, 
and a battery of sneezes. A similar preparation in a monkey could 
be aroused by stimulation to adequate shows of emotions including 
grimacing and defense movements of all extremities. 


Fig. 1. 
Total destruction of the hypothalamus in a eat. Microscopically, the lesion 
extends into the ventro-median area of the thalamus. 
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2. Total destruction of the hypothalamus along with involve- 
ment of the ventro-median portion of the thalamus. 

Cats, so prepared, respond to painful stimulation hardly at all. 
One animal (Fig. 1), with only slight extension of the lesion into 
the ventro-median thalamus, responded with mere retraction of the 
lower lip and increase in the depth of respiration. A monkey could 
be roused to only slight defense movements of the limbs. 

3. Unilateral destruction of the hypothalamus. This procedure 
results in an over-reactive animal who is conscious and ambulatory. 
There is a tendency to circle to the side of the lesion. One cat was 
constantly caterwauling. When baffled by anything in his way, he 
responded by baring his claws, snapping and spitting. 

4. Unilateral destruction of the ventro-median portion of the 
thalamus. This procedure resulted in a spontaneously irritable 
and aggressively dangerous tabby which snapped and snarled and 
made wild swipes with bared claws at the examiner. This animal also 
was ambulatory and tended to circle to the side of the lesions. 

Discussion. From these observations it would seem that where 
the hypothalamus is not functioning, there can be no spontaneous 
emotional display and stupor supervenes. This has been suggested 
previously by Ranson.* In such preparations, however, the thalamus 
is intact and is able to mediate pain stimuli along customary reflex 
arcs. This analogy may be carried over to stuporous human beings. 
The latter may be roused by painful stimulation to demonstrations of 
affect without actually regaining consciousness. One might postulate 
that in mild stupor the hypothalamus is not functioning, whereas 
the thalamus is physiologically intact. As the stupor deepens into 
coma, thalamic function is impaired and reflex emotional reactions 
may be no longer elicited. Anatomic correlates with this study indi- 
cate that the ventro-median nuclei of the thalamus play an important 
role in the elaboration of reflex emotional responses. Partial lesions 
of the hypothalamus or the ventral portion of the thalamus seem 
to produce an unusual lability of the subject's emotional display. 


4 Ranson, 8. W., Harvey Lectures, 1936-37, p. 92. 
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Fibrinolytic Action of Gas Gangrene Anaerobes.* 


G. B. Reep, J. H. Orr AND DoroTHy SMITH. 


From Queen’s University, Kingston, Canada. 


Tillett’s'! review of fibrinolysis indicates the importance of the 
reaction in hemolytic Streptococcus infections. It also makes it 
apparent that various other species of bacteria produce enzymes or 
toxins which, though lacking some of the characteristics of Strep- 
tococcus fibrinolytic substance, tend to break down coagulated 
plasma and therefore influence the course of infection to a signifi- 
cant degree. 

The very rapid spread of gas gangrene infections in man and 
experimental animals suggests that fibrinolysis may be involved. 
Accordingly a series of preliminary trials has been carried out with 
the more important species associated with gas gangrene in man. 
This included some 77 cultures belonging to eleven species, as 
listed in Table I. 

Cultures. The cultures used were the same as those recently 
described by Reed and Orr.” Purity of the cultures was established 
by repeated plating shortly before use. All gave characteristic 
reactions according to the identification procedure as described 
in the last-mentioned paper. A few cultures were recently isolated 
from gas gangrene in man, a few were isolated from experimental 
gas gangrene in guinea pigs, Reed and Orr,* the majority were 
laboratory cultures which had not been through animal passage for 
long periods. 

Fibrinolytic Procedure. The fibrinolytic test procedure was that 
used by Tillett and Garner* in the case of Streptococcus. Fresh 
oxalated plasma was obtained from man, rabbit, guinea pig and 
sheep. One milliliter of 1:5 dilution of oxalated plasma was mixed 
with 0.5 ml of culture, 0.35 ml of 0.25% calcitim chloride added 
(0.25 ml for human plasma) the tubes well shaken and placed in a 
37° water bath. Fibrinolysis readings were made at half-hour 
intervals, after coagulation, for the first 7 hours and again after 
24 hours. 


* Aided financially by a grant from the Canadian National Research Council. 
1 Tillett, W. S., Bact. Rev., 1938, 2, 161. 

* Reed, G. B., and Orr, J. H., War Medicine, 1941, in press. 

3 Reed, G. B., and Orr, J. H., Lancet, 1941, March 22, 376. 

4 Tillett, W.S., and Garner, R. L., J. Hap. Med., 1933, 58, 485. 
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TABLE I. 
Fibrinolytic Activity of Gas Gangrene Bacteria. 
Saale 


Jo of cultures producing 


No. of solution of clot in 
cultures — a 
Species tested Plasma 7hrorless 24hr or less 
Cl. welchii 26 human al, 83 
33 rabbit 62 67 
5 guinea pig 80 100 
i) sheep 0 0 
Cl. novyi 3 human 0 66 
3 rabbit 67 67 
3 guinea pig 0 67 
3 sheep 33 33 
Cl. septicum 5 human 0 100 
5 rabbit 0 100 
3 guinea pig 100 100 
3 sheep 0 100 
Cl. sordellii 4 human 0 80 
+ rabbit 0 0 
3 guinea pig 0 100 
3 sheep 0 0 
Cl. fallax 1 human 0 0 
3 rabbit 0 0 
2 guinea pig 0 0 
2 sheep 0 0 
Cl. tertium 1 human 0 0 
5 rabbit 0 0 
2 guinea pig 0 0 
2 sheep 0 0 
Cl. chauvoei 2 human 0 50 
6 rabbit 0 17 
3 guinea pig 33 33 
3 sheep 0 33 
Cl. aerofoetidum al rabbit 0 0 
1 guinea pig 0 0 
1 sheep 0 0 
Cl. histolyticum 4 human 25 100 
ie rabbit 86 86 
4 guinea pig 75 100 
4 sheep 25 50 
Cl. sporogenes 4 human 0 100 
8 rabbit 63 88 
3 guinea pig 0 100 
3 sheep 0 33 
Cl. tyrosinogenes i human 100 100 
2 rabbit 0 100 
1 guinea pig 100 100 
1 sheep 100 100 
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Several media provided suitable cultures. Brewer’s medium with 
0.1% glucose was first used but it was found that continuous culti- 
vation in this medium resulted in a gradual decrease in fibrinolytic 
power. Most consistent results were obtained with the supernatant 
fluid from 18-hour cultures in chopped meat medium prepared ac- 
cording to the method of Lepper and Martin.*° This medium was 
used in all cases reported in the paper. 

Fibrinolysis Results. Table I summarizes the results with the 
several species in plasma from man, rabbit, guinea pig and sheep. 
The figures in the table indicate the percentage of cultures tested 
which break down coagulated plasma in 7 hours or less and in 24 
hours or less. . 

It is apparent from the table that the 4 species principally concerned 
in gas gangrene, 1. ¢., Cl. welch, Cl. novyi, Cl. septicum and Cl. 
sordellii produce active fibrinolysis. Guinea pig and rabbit plasma 
clots are slightly more readily broken down than human plasma 
while sheep plasma clots resisted action of Cl. welchi and sheep and 
rabbit plasma resisted Cl. sordellii. More than half the cultures of 
Cl. chauvoei were inactive on all 4 plasma. 

It should be noted that cultures which break down plasma clots in 
24 hours are regarded as fibrinolytically active. A considerable 
number produce complete solution of the clots, as shown in the 
table, in 7 hours or less. A few produce complete solution in one 
to 1% hours. The most active were cultures of Cl. welchii recently 
isolated from acute cases of gas gangrene in man. 

Three species occasionally found in gas gangrene wounds, Ci. 
fallax, Cl. tertium, Cl. aerofoetidum were completely inactive in all 
4 plasma. These species produce little or no soluble toxin. 

Three proteolytic species, Cl. histolyticum, Cl. sporogenes and Cl. 
tyrosinogenes were very active in the break-down of all 4 plasma. 
The former produces a low yield of toxin, the latter 2 no toxin. 

The extent to which the fibrinolytic substances produced by these 
anaerobic species resemble the Streptococcus enzyme remains to be 
determined. It is quite possible, moreover, that the activity of the 
saccharolytic, toxin-forming species results from one type of enzyme 
and that the proteolytic, non-toxin-forming species break down 
plasma clots through the activity of a very different system. Re- 
gardless, however, of the resemblance of this digestive mechanism to 
that present in other species or the possible dissimilarity of mecha- 
nism in different groups of anaerobes, it is apparent that the gas gan- 
grene species do rapidly destroy coagulated plasma. It is therefore 


5 Lepper, E., and Martin, C. J., Brit. J. Exp. Path., 1924, 10, 327. 
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highly probable that these reactions contribute to the spread of gas 
gangrene infections. 

Anti-coagulation Factor. A few of the cultures from each fibrino- 
lytic species regularly prevented clotting of plasma on the addition 
of CaCl; and a few additional cultures occasionally prevented 
clotting. This condition was observed with a few cultures of Cl. 
welchu, Cl. novi, Cl. septicum and even with a few of the proteo- 
lytic species—Cl. histolyticum and Cl. sporogenes. A similar anti- 
coagulating factor has been observed by Dennis and Adham,°® 
Tillett,’ Christensen,* and others in certain cultures of hemolytic 
Streptococcus. ‘Tillett’ considers this to result primarily from pH 
changes. Where the reaction is more acid than pH 5.8, plasma coag- 
ulation is inhibited. In these 18-hour cultures of anaerobes in 
chopped meat the reaction never exceeds pH 6.0 and generally is 
from pH 6.2 to 6.4. Dennis and Adham,* on the other hand, con- 
sider that the anti-coagulation factor in Streptococcus cultures is a 
particular fatty acid which may be independent of pH. 

Conclusion. 1. It is shown that most strains of the more im- 
portant saccharolytic, toxin-forming gas gangrene species, Cl. 
welchu, Cl. novyt, Cl. septicum and Cl. sordellii, produce an active 
fibrinolytic substance. Certain other saccharolytic species, Cl. ter- 
tium, Cl. fallax, Cl. aerofoetidum fail to produce this substance. 
2. The more common proteolytic gas gangrene species, Cl. histolyti- 
cum, Cl. sporogenes and Cl. tyrosinogenes produce an equally or 
more rapid destruction of coagulated plasma. 3. Most cultures which 
are active against plasma from one species will break coagulated 
human, guinea pig and rabbit plasma. Sheep plasma is less readily 
attacked and not attacked by any strains of Cl. welchu tested. 4. A 
few strains in both groups of gas gangrene anaerobes produce anti- 
coagulation factors which prevent CaCl, coagulation of plasma. It 
is shown that this is not a pH effect. 


6 Dennis, C. W., and Adham, L. D., Proc. Soc. Exp. Bron. AND Mep., 1937, 
36, 84. 

7 Tillett, W. S., Proc. Soc. Exp. Bio. AND Mep., 1937, 37, 77. 

8 Christensen, L. R., J. Inf. Dis., 1940, 66, 278. 
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Effect of Desoxycorticosterone* on Pituitary and Lactogen 
Content. 


C. W. TuRNER AND JOSEPH MEITES. 


From the Department of Dairy Husbandry, University of Missouri, Columbia. 


Several of the sex hormones capable of eliciting mammary growth 
can also increase the weight of the pituitary and augment its content 
of lactogenic hormone. At least 2 estrogens, estrone and estradiol 
benzoate, have been shown to possess these properties.* Testo- 
sterone propionate, another mammary growth-promoting substance, 
can augment the lactogen content of the pituitary but does not in- 
crease the size of the gland.* Androsterone, which does not stimu- 
late mammary growth,’ fails to influence either the size of the pitui- 
tary or its lactogen content.* 

Van Heuversvyn, et al.,? have demonstrated that desoxycortico- 
sterone acetate (DCA), a synthetic adrenal cortical hormone, can 
induce growth in the mammary glands of male mice. Recently this 
has been confirmed by Lewis and Turner (unpublished). It was of 
interest, therefore, to determine whether DCA, like estrone, estradiol 
benzoate and testosterone propionate, would also increase the size 
of the pituitary or raise its lactogen content. 

Forty-four guinea pigs were placed in 5 groups of experimental 
and control animals. From 7 to 20 mg of DCA in sesame oil were 
administered subcutaneously over periods ranging from 10 to 20 
days. To show the comparative effects of estrogen, an additional 
group of 8 male guinea pigs were injected subcutaneously with 
3000 I.U. of estrone over a period of 15 days and run against 6 
control animals. The pituitaries of each experimental and control 
group were macerated separately in a small agate mortar, taken up 
in a little distilled water, and assayed by the Reece-Turner pigeon 
method.* 


* The desoxycorticosterone acetate was kindly furnished by Dr. Erwin Schwenk 
of the Schering Corporation. 

+ Contribution from the Department of Dairy Husbandry, Missouri Agricul- 
tural Experiment Station, Journal Series No. 751. 

1 Reece, R. P., and Turner, C. W., Mo. Agr. Exp. Sta. Bul. 266, 1937. 

2 Reece, R. P., and Mixner, J. P., Proc. Soc. Exp. Biot. AND MEp.,1939, 40, 66. 

3 Nelson, W. O., and Gallagher, T. F., Science, 1936, 84, 230. 

4 Reece, R. P., Proc. Soc. Exp. Bion. AND MED., 1941, 46, 265. 

5 Van Heuversvyn, J. E., Folley, S. J., and Gardner, W. U., Proc. Soc. Exp. 
Biot. AND Mmp., 1939, 41, 389. 
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The data (Table I) relative to the size of pituitary and lactogen 
content was treated by the analysis of variance as described by 
Snedecor.® A significant increase in weight was found in the pitui- 
taries of the DCA treated animals. However, the difference be- 
tween the lactogen content of the pituitaries of the experimental 
and DCA treated guinea pigs was found to be insignificant. It will be 
noted that in the estrone-treated guinea pigs there was at least a 
three-fold increase in the lactogen content of the pituitary. The 
mammary glands of the female guinea pigs receiving the lowest 
dosage of DCA, 7 mg, were examined and compared with the mam- 
mary glands of its control mates by Dr. A. A. Lewis of this labora- 
tory, and found to show considerable lobule hyperplasia. The 
dosages of DCA employed did not produce any noticeable change in 
the adrenal weights of the experimental animals. 

It is concluded that DCA acts similar to some of the sex hormones 
to the extent that it can stimulate the growth of the mammary glands 
and increase the weight of the pituitary, but.is unlike these hor- 
mones in that it does not cause an augmentation of the lactogen 
content of the AP. 

Summary. Three groups of female and 2 groups of male guinea 


TABLE I. 
Effect of DCA on Pituitary and Lactogen Content. 

Avg No. 
Avg Avg Avg No. R.T. 
Guinea Length of body Avg Avg pituitary R.T.* units 

pigs treatment, wt, adrenal pituitary wt/100g unitsper /100g 

Sex No. Treatment days g wt, mg wt,mg body wt pituitary body wt 
Q 5 Controls 417 229.8 9.88 2.13 6.24 1.25 
ce} 5 7 mg DCA 10 427 201.2 12.36 2.84 7.10 1.66 
Q 5 Controls 405 207.9 11.46 2.80 6.20 1.53 
Q 5 15 mg DCA 15 439 206.7 15.48 3.53 6.75 1.53 
Q 2 Controls 403 204.2 10.52 2.64 6.00 1.48 
Q 2 20 mg DCA 20 419 213.6 14.95 3.56 5.75 1.37 
é 6 Controls 336 10.05 2.98 3.03 90 
a 3000 L.U. estrone 15 304 10.87 3.57 12.75 4.19 
A 5 Controls 340 164.9 9.56 2.74 3.12 Ag 
A 5 1b me DCA 15 344 170.0 12.36 3.60 3.64 1.05 
5 Controls 205 69.4 5.71 2.79 2.90 1.41 
5 10 mg DCA 10 184 88.0 6.44 3.51 2.40 1.30 


*Reece-Turner lactogen units. 22.2 R.T. units — 1 International Unit (Meites, J., Bergman, 
A. J., and Turner, C. W., Endocrinology, 1941, 28, 707). 


6 Snedecor, G. W., Statistical Methods, 3rd Edition, 1940, p. 179. We are 
indebted to Mr. M. Koger for the statistical analysis of the data. 
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pigs were injected with 7 to 20 mg of desoxycorticosterone acetate 
to determine its effect on pituitary weight and on the lactogen con- 
tent of the AP. A significant increase in pituitary weight was 
obtained, but there was no increase in the lactogen content of the AP. 
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Effect of an Ant. Hypophyseal Extract upon Serum Calcium 
and Phosphorus. 


Frep H. SNYDER AND WILBUR R. TWEEDY. 


From the Department of Biological Chemistry, Loyola University School of 
Medicine, Chicago, Ill. 


The elaboration of a parathyreotropic factor by the anterior 
hypophysis has been indicated by work from a number of sources. 
The literature in this connection has been reviewed recently by 
Friedgood and McLean.* 

These workers have presented data establishing a_ statistically 
significant increase in the serum calcium of guinea pigs receiving 
daily injections of 1 ce of an alkaline pituitary extract* over a 
period of 9 days. Friedgood’ has also published data indicating an 
elevation in the serum calcium level of white rats under similar 
conditions. In 4 rats, each of which had received daily subcutaneous 
injections of 1 cc of the extract for a period of 6 days, values for 
serum calcium were found to be 12.8, 12.6, 12.5, and 11.7 mg %, 
respectively. Two control animals showed serum calcium levels of 
10.7 mg %. Four other rats were given intraperitoneal injections of 
1, 2, 3, and 4 cc of the extract, respectively, twice daily and sacri- 
ficed on the second day. Their blood calcium values were found to 
be 12.7, 12.3, 10.1, and 10.3 mg %, respectively. No control values 
were reported. 

In view of the small number of rats which were used to test the 
reactivity of this animal to the extract, and the inadequacy of the 
control values, it appeared to us that the suitability of the rat for 
the assay of the so-called parathyreotropic factor should be further 
investigated. 

Albino rats, varying in age from 99 to 281 days and in weight 


1 Friedgood, H. B., and McLean, R., Am. J. Physiol., 1937, 118, 588. 
* Obtained from BE. R. Squibb and Sons. 
2 Friedgood, H. B., Endocrinol., 1936, 20, 159. 
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from 159 to 352 g, were used in the first assay. With the exception 
of 3 litter mate females, all the animals were males. Only one 
female was used in the experimental series. The animals were 
raised on a commercially prepared diet known as Fox Chow; in some 
instances a supplement of meat scraps was supplied twice weekly. 
Fox Chow alone was fed for several days preceding and during the 
course of each experiment. 

Each of 20 experimental animals received a daily subcutaneous 
injection of 1 cc of an alkaline (pH 8.25) extract of anterior 
pituitary glands’ for a period of 6 or 7 days. On the day following 
the last injection the animals were placed under light ether anesthesia 
and blood was drawn by cardiac puncture. Calcium was determined 
on 1 or 2 cc portions of serum by the method of Tweedy and Koch,* 
and inorganic phosphorus was determined on 1 cc portions of the 
same serum sample by the method of Fiske-and Subbarow.* Control 
values were obtained by simultaneously carrying out the above 
analyses on samples of serum from 18 untreated litter mates of the 
experimental animals. Inorganic phosphorus values were obtained 
for 19 treated animals and 15 controls. 

A statistical evaluation of the data (Table I) reveals that the cal- 
cium levels in the blood of the treated animals were not significantly 
affected by multiple injections of the anterior pituitary ex- 
tract under the experimental conditions described. Furthermore, the 
small difference between the mean phosphorus values, when con- 
sidered in relation to the probable error of this difference (Table I), 
may be regarded as only slightly suggestive of an increase in serum 
inorganic phosphorus. 


TABLE I. 
Type of Max. Min. Mean* 
animal mg mg % mg % M.D.t P.E.M.D.+ 
Serum Calcium. 

Treated 12.50 8.32 9.62 + 0.14 

0.01 0.18 
Control 12.48 8.81 9.63 + 0.12 

Serum Inorganic Phosphorus. 

Treated 6.95 5.26 5.89 + 0.07 

0.27 0.08 
Control 5.97 5.10 5.62 + 0.04 


*Tncluding probable error of the mean. 
t+Mean difference. 
tProbable error of the mean difference. 


+ Obtained from E. R. Squibb and Sons through the courtesy of Dr. J. A. 
Morrell. 

3 Tweedy, W. R., and Koch, F. C., J. Lab. and Clin. Med., 1929, 14, 1. 

4 Fiske, C. H., and Subbarow, Y., J. Biol. Chem., 1925, 66, 375. 


236 NuCLEAR CHANGES IN Rous SARCOMA CELLS 


A group of 14 younger rats (52-54 days old) received from one 
to 3 daily subcutaneous injections of 1 cc of the hormone prepara- 
tion, and 8 of their litter mates were used as controls. Approximately 
half of each group of these animals were females. Serum calcium 
values in the treated animals ranged from 9.7 to 11.4 mg % with a 
mean value of 10.8, while serum calcium values in the control series 
ranged from 9 to 12.2 mg % with a mean value of 10.7. In no 
instance did the serum calcium of a treated animal show a signifi- 
cantly greater value than that found for its litter mate control. 
Serum inorganic phosphorus determinations were not made. 

Summary. A slight increase in serum inorganic phosphorus 
without a significant increase in serum calcium after multiple in- 
jections of anterior pituitary extract in rats is regarded as insufficient 
proof of the presence of a parathyreotropic factor in the extract 
examined. 
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Nuclear Changes in Rous Sarcoma Cells Cultivated in vitro. 


KE. TENENBAUM AND L. DoLjansxi. (Introduced by L. 
Halberstaedter. ) 


From the Department of Experimental Pathology, Cancer Laboratories, The 
Hebrew University, Jerusalem. 


Various authors (Borrel,* Roskin,* Lipschiitz,* Fischer,* Zwei- 
baum’) have indicated that the structure of Rous sarcoma cells 
shows certain peculiarities, which differentiate them from normal 
mesenchyme cel!s. 

These indications are very fragmentary and there is little agree- 
ment between the various descriptions. The morphological features 
of the Rous sarcoma cell are still not sufficiently known. 

The structural peculiarities of the Rous sarcoma cells appear with 
great clarity and they are easily detectable in pure culture of sarcoma 
cells. Our studies of cell strains, cultured without addition of normal 
tissue revealed that the sarcoma cells in vitro constantly show pro- 


1Borrel, A., C. R. Soc. Biol., 1926, 94, 500. 

2 Roskin, G., Virchows Arch., 1926, 261, 919. 

8 Lipschiitz, B., Z. Kregsforsch., 1929, 28, 491. 

4 Fischer, A., Gewebeziichtung, Munich, 1930. 

5 Zweibaum, J., Arch. exp. Zellforsch., 1933, 14, 358. 
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found morphological alterations of their cytoplasma and nuclei, often 
associated with marked, indeed extraordinary hypertrophy of the 
entire cells. 

In this note we report on the changes taking place in the nuclei of 
the sarcoma cells. The studies were made on cultures (preparations 
in toto and serial sections) fixed in Carnoy and stained with Giemsa. 

The changes in the nucleus are very profound and may lead to 
definite disturbances of the entire nuclear structure. The nuclear 
ground substances, which is finely reticulated, or finely granular in 
normal spindle cells, and almost structureless in normal lymphoid 
cells, in sarcoma cells often appears as if precipitated. In numerous 
nuclei particulate masses become visible. The individual particles 
are more or less uniform in size and stand out distinctly on the 
almost colorless background. At first the particles are equally dis- 
tributed throughout the nucleus; but later the granular material 
gathers in the central parts of the nuclei, leaving a wide or narrow 
zone, a clear halo, between the particulate aggregates and the nuclear 
membrane (Fig. 1). This zone appears empty, but in some prepara- 
tions we can see that it is crossed by very fine threads running 
radially. The granular material appearing in the nucleus is usually 


Fie. 1. 
Nuclei of Rous sarcoma cells; culture No. 12708; Giemsa’s stain. > 1600. 
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distinctly acidophilic. Occasionally the particulate masses are gath- 
ered not in the center but in certain peripheral areas of the nucleus. 
The remaining parts then appear empty. 

The basophilic chromatin disappears progressively from the 
nucleus; the chromatin particles become smaller and less distinguish- 
able. Margination of the basi-chromatin on the nuclear membrane is 
only rarely found. 

The nucleoli usually become round or rod shaped, and appear as 
very large, compact, deeply stained, robust bodies. Often their 
shape is very irregular; not infrequently the nucleoli break up into 
several fragments; these either remain clumped together or may be 
found scattered throughout the entire nucleoplasma. Occasionally 
vacuoles are seen in altered nucleoli. 

The changes described above do not take place simultaneously in 
all cells of a particular culture; in some the nuclei are profoundly 
changed; in others little or not at all. Apparently, the cells are 
involved successively. 

In some cells, usually hypertrophied basophilic round cells, nuclear 
changes can be observed, different from those already described. 
Nuclei of such cells contain sharply defined inclusions, amorphous 
and hyaline in appearance, lying between the nuclear membrane and 
a nucleolus (Fig. 2). These inclusions are stained a bluish tint 
with Giemsa. The ground substance in which these inclusions are 
embedded is as a rule also altered. 

In addition to the changes described the nuclei of sarcoma cells 
show a great tendency to fragmentation. The form of nucleus often 


Fig. 2. 
Intranuclear inclusion in Rous sarcoma cell; culture No. 12708; Giemsa’s stain. 
S< 660. 
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becomes irregular, parts are pinched off, and thus one can frequently 
find the nucleus broken up into 10-15 fragments; some are attached 
to each other by fine filaments. At times such fragments show a 
fully normal nuclear structure, others lack nucleoli, still others have 
no chromatin substance whatever, and some again appear completely 
emptied. Often the picture observed suggests that some nuclear 
fragments dissolve in the surrounding cytoplasma. 

A detailed description of the changes in the nuclei of Rous sarcoma 
cells and a discussion of their significance will appear elsewhere. 
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Cellular Composition of Pure Rous Sarcoma Cultures in vitro. 


L. DOoLJANSKI AND E. TENENBAUM. (Introduced by L. 
Halberstaedter. ) 


From the Department of Experimental Pathology, Cancer Laboratories. The 
Hebrew University, Jerusalem. 


We wish to report on experiments undertaken in order to in- 
vestigate the cellular composition of pure Rous sarcoma cell colo- 
nies im vitro. They were carried out on cultures, 20-50 passages old, 
of our Rous sarcoma strains, which were cultivated without the 
addition of normal tissue. They include observations on living 
cultures and on preparations im toto and serially sectioned ones, 
fixed in Carnoy or Zenker Formol, and stained with Giemsa. 

The results of these investigations can be summarized as follows: 

The pure Rous sarcoma culture consists of two cell types: spindle 
cells and round cells. The structure of the spindle cell corresponds 
exactly to that of the normal fibrocyte. The round cell is charac- 
terized by a strongly basophilic, completely homogeneous or finely 
granular cytoplasm and a relatively large, round, somewhat ex- 
centric nucleus. The nucleus has a thick, unfolded membrane, 1-2 
heavy nucleoli, and more or less finely divided chromatin. The size 
of the round cells varies between 5 and 15». They are almost round, 
with regular or somewhat angular contours. Their pseudopodia 
are slightly developed, their movements are sluggish and they 
phagocytize but little. 

The fibroblast-like cells and the basophilic round cells are not 
distinct cell types but different aspects of the same cell. In every cul- 
ture numerous transitional stages enable us to follow, step by step, 
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the change of one cell form into the other. The transformation of 
the spindle cell into the basophilic round cell takes place by means 
of contraction of the former. The fibroblast-like cell draws in its 
processes; its body becomes round, the cytoplasm more and more 
basophilic, the nucleus becomes more compact, its membrane easily 
visible and the nucleoli very prominent. The basophilic round cell, 
arising from the contraction of the spindle-cells, recalls at times 
lymphocytes and even more haemocytoblasts as seen in cultures of 
blood and hemopoietic tissues. They differ distinctly from large, 
amoeboid polyblasts (macrophages) as well in form, nuclear struc- 
ture, and cytoplasm as in their behavior. The process of transforma- 
tion of spindle-cell into basophilic round cell is reversible; observa- 
tions and experiments show that the basophilic cell can stretch itself 
out and recover the form of the spindle cell. Sometimes, the baso- 
philic round cell may also take on an appearance closely resembling 
that of amoeboid histiocytes; it becomes progressively larger, its 
cytoplasm more and more vacuolated and pale; it acquires an 
amoeboid appearance and its pseudopodia become much _ better 
developed. 

Our observations indicate a connection between the transformation 
of fibroblast-like cells into basophilic round cells and the peculiar 
fundamental ability of sarcoma cells to attack proteolytically and to 
liquefy their plasmatic growth medium. The change in the physical 
state of the medium surrounding the cell produces a change in its 
form. Whereas the cell is stretched out in a semi-solid medium, it 
becomes round when the plasma is liquefied. The sarcoma cell with 
its marked proteolytic activity itself creates the conditions that 
determine the diversity of its form. By adding or withholding 
embryonic extract, the proteolytic power of the sarcoma cell can be 
diminished or increased. In this manner the appearance of the 
sarcoma cells im vitro can, to a large extent, be experimentally in- 
fluenced. 

The fact that normal fibroblasts may undergo the same changes 
enables us to understand more fully the mechanism of transformation 
which the sarcomatous fibroblasts in culture undergo. Such changes 
in normal fibroblasts were first observed by Rous and Jones' when 
the plasmatic medium, in which the cells were grown, was digested 
with trypsin; and they can also be seen when an untreated culture of 
normal fibroblasts occasionally liquefied the medium spontaneously. 
Under these conditions the normal fibroblast too is transformed into 


1 Rous, P., and Jones, F. S., J. Exp. Med., 1916, 23, 549. 
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a round cell, often practically indistinguishable from the basophilic 
round cell, resulting from transformation of the sarcomatous fibro- 
blast. 

In view of these findings, the discussion, which cell type in the 
sarcoma culture, the fibroblasts or the ‘‘macrophages” carries the 
malignant attributes, appears to be futile. The pure Rous sarcoma 
consisting of one cell type; a mesenchyme cell, appearing at times 
as a spindle cell, at others as a basophilic round cell is the actual 
carrier of the Rous sarcoma agent. The changes induced by the 
Sarcoma agent in the spindle cells and basophilic round cells will be 
described in another communication. 
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Age Variations in Resistance of Albino Rat to Diphtheria 
_Bacilli and to Diphtheria Toxin. 


ERICH SELIGMANN. (Introduced by C. W. Jungeblut.) 


From the Department of Bacteriology, College of Physicians and Surgeons, 
Columbia University, New York. 


As reviewed in a previous paper on experimental diphtheria in 
the albino rat* this animal possesses a high but not complete re- 
sistance to diphtheria toxin and to living diphtheria bacilli. Amounts 
of toxin exceeding by 2000 times the fatal dose for guinea pigs 
(calculated on body-weight) are required to kill albino rats by 
subcutaneous injection. Again, when large numbers of living 
bacilli are injected into these animals by the same route only slight 
transitory lesions are observed. Attempts to explain the mechanism 
of this natural resistance have been made by several authors. Thus 
Goodman,” Pettit,? Coca, Russel and Baughman,* Sbarsky*® have 
thought that the rat’s body-cells are incapable of fixing diphtheria 
toxin; Ledingham,° on the other hand, has expressed his belief that 
the reticulo-endothelial system of the rat is particularly capable 
of aiding in the absorption of localized abscesses in the subcutis 


1Seligmann, E., and Jungeblut, C. W., J. Immunol., 1941, 40, 119. 

2 Goodman, H. M., J. Infect. Dis., 1907, 4, 509. 

3 Pettit, A., Ann. Inst. Pasteur, 1914, 28, 663. 

4 Coca, A. F., Russel, E. F., and Baughman, W. H., J. Immunol., 1921, 6, 387. 
5 Sbarsky, Biochem. Z., 1926, 169, 113. 

6 Ledingham, J. G. C., J. State Med., 1926, 34, 2. 
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and to prevent a dissemination of the bacilli. However, that at 
least a temporary generalization of the bacilli does occur was sug- 
gested by our experiments in which it proved possible to recover 
diphtheria bacilli from the spleen of infected animals.’ 

The assumed peculiarities of the body-cells in that respect may be 
connected either with some general phenomena of metabolism or 
with the specialized function of certain organs that are supposed to 
be involved in the mechanism of diphtheria intoxication. Since the 
adrenal glands, for a long time, have been known to be heavily 
affected in experimental diphtheria, attempts have been made to 
clarify the significance of this organ for the resistance of rats to 
toxin. It was found, for instance, that adrenalectomized rats suc- 
cumbed to smaller doses of diphtheria toxin than controls which 
had been similarly operated on but without removal of the adrenals 
( Lewis,’ Belding and Wyman*). 

The lesions in the suprarenal glands in diphtheria intoxication of 
guinea pigs are known to be accompanied by a decrease of the 
vitamin-C contents of this organ (Harde,’® Torrance*’). That this 
vitamin may play a definite part in the interaction between toxin 
and tissue was indicated by the investigations of Jungeblut and 
Zwemer,'' Greenwald and Harde,”* and lately again by Jungeblut,”” 
who demonstrated that neutral salts of ascorbic acid detoxified 
diphtheria toxin im vitro. It is generally recognized that C-avitami- 
nosis cannot be produced experimentally in the albino rat because 
this animal synthesizes this vitamin by itself ; however, a diet deficient 
in vitamin A or B produces a definite avitaminotic state. In ex- 
periments by Werkman, Baldwin and Nelson™ such avitaminosis 
was accompanied by a marked decrease in resistance to diphtheria 
toxin. An increased resistance, on the other hand, was demon- 
strated by Meyer*® in the course of a high-protein diet. Since a 
similar increase could be observed following inanition the latter was 


7 Lewis, J. T., Am. J. Physiol., 1923, 64, 506. 

8 Belding, D. L., and Wyman, L. C., Am. J. Physiol., 1926, 78, 50. 

9 Harde, E., C. R. Acad. Sciences, 1934, 199, 618. 

10 Torrance, J. Biol. Chem., 1940, 82, 575. 

11 Jungeblut, C. W., and Zwemer, R. L., Proc. Soc. Exp. Bio. aND Mzp., 1935, 
82, 1229. 

12 Greenwald, C. K., and Harde, E., Proc. Soc. Exp. Bion. anp Mep., 1935, 
82, 1157. 

13 Jungeblut, C. W., J. Infect. Dis., in press. 

14 Werkman, C. H., Baldwin, F. M., and Nelson, V. E., J. Infect. Dis., 1924, 
35, 549. 

15 Meyer, A. R., Proc. Soc. Exp. Biot. AND Mup., 1939, 41, 404. 
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therefore regarded as operating essentially as equivalent to a high- 
protein diet. 

It is generally acknowledged that diet and vitamin-storage are 
intimately connected with the rate of growth of young animals. 
Thus the suckling period represents a course of high-protein diet; 
at the same time the vitamin-C content of the adrenals has been 
found appreciably lower in young rats than in adult animals.'® More- 
over, the lack of differentiation in the cells of the spleen in very 
young rats’’ may be of additional significance for the mechanism 
of natural defense. It has, therefore, seemed justified to investigate 
the degree of natural resistance to diphtheria bacilli and to toxin in 
very young rats, all the more so since an increased susceptibility of 
young animals to diphtheria toxin has already been reported for 
guinea pigs, dogs, birds, and white mice."* 

Experiment 1. Bacillary infection: Rats, 10 days of age (average 
weight 12 g), and rats just weaned, 25 days old, (average weight 
from 40 to 60 g) were infected by subcutaneous injection with 1/10 
of the growth of a Leeffler slant (3.8” x 0.3" in size) emulsified in 
saline. When these rats were killed at intervals of 2, 4, 7, and 9 
days after infection these animals presented lesions similar to those 
typical for adult rats. They consisted of a small encapsulated abscess 
at the site of the injection which contained pus as well as free and 
phagocyted diphtheria bacilli; at times cultivable diphtheria bacilli 
were found in the spleen. Rats that had not been killed survived in 
apparently good health. Thus no difference could be detected in the 
natural resistance of albino rats to bacillary infection whether the 
animals were of suckling age, just weaned, or had reached maturity. 

Experiment 2. Intoxication: The effect of diphtheria toxin 
was studied in 3 groups of rats: 20 animals of suckling age (12 
days old and weighing from 12 to 30 g), 12 rats which had just 
been weaned (25 days old and weighing from 33 to 48 g), and 15 
adult rats (125 to 265 g in weight). All animals received varying 
doses of toxin by the subcutaneous route. The results are given 
in Table I. 

The table reveals an increased susceptibility of young rats to 
diphtheric intoxication. Thus, suckling animals died with a 
minimal dose of 3 mld per g of body-weight, weaned animals of 


con) 
somewhat higher age and weight required about 5 mld, while adult 


16 Clark, A. R., personal communication. 

17 Perla, D., in Perla, D., and Marmorstone, J., Natural Resistance and Clinical 
Medicine, Boston, Little, Brown & Co., 1941, p. 356. 

18 Ssacharoff, G. P., Ergebn. d. allg. Pathol. und pathol. Anat., 1928, 22, 201. 
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TABLE I. ; ; 
Susceptibility of Albino Rats of Different Age and Weight to Diphtheria Toxin. 
Ph) ON Sate) (Aaa alee ant es eee ee EN EE EE ee 


ee ————————— ET 


Avg 
Avg Toxin in No, of incubation 
age Wt, g mld perg animals Survived Succumbed period, days 
12 days 12-30 rd 6 6 = = 
i 2 2 — — 
2 3 3 = = 
3 3 — 3 5.7 
4 2 — 2 5.0 
5 i — 1 4.0 
6 3 — 3 2.3 
20 ee 33-48 3 3 3 = = 
4 3 2 1 7.0 
5 3 i 2 7.0 
6 3 —_ 3 8.3 
Adult rats 125-265 5 2 2 a 
6 2 2 = ss 
7 3 il 2 8.0 
8 8 — 8 5.6 


rats succumbed only to doses of at least 7 mld. The dead rats showed 
a hemorrhagic edema of the lungs, frequently pleural effusion and 
sometimes congestion of the adrenal glands. 

These data indicate that there may be a difference in age-resistance 
to diphtheria toxin but not to bacillary infection. This fact is 
readily explained since even the most susceptible suckling animal 
succumbs only to comparatively large doses of toxin, 7. e., 3 mld 
per g body weight. It is not to be assumed that such an amount of 
toxin ever accumulates in the animal’s body during the course of 
experimental infection with diphtheria bacilli. 

Conclusion. Young albino rats are more susceptible to diphtheria 
toxin than are adult animals. No difference seems to exist between 
young and old rats regarding their resistance to bacillary infection. 
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Clinical Studies on the Hypnotic Properties of Propazone 
(5,5-Di-n-propyl-2,4-oxazolidinedione). 


FRANK H. Luton, JOHN BLALock, J. H. BAXTER, Jr., AND ROGER 
W. StroucuHtTon. (Introduced by P. D. Lamson.) 


From the Departments of Psychiatry and Pharmacology, Vanderbilt University 
School of Medicine, Nashville, Tenn. 


A series of new chemical compounds 5,5-dialkyl-2,4-oxazolidine- 
diones have recently been shown by Stoughton’ to have hypnotic 
and anesthetic properties. These are structurally related to the 
barbituric acids and to the hydantoins and have chemical and phys- 
ical properties very similar to them. 


R CO—NH R CO—NH AR CO—NH 
NA aes x We 
C Cc CO C 
Vis FOS. va yO 
RY O CO Ry CO—NH R’ NH—CO 
Oxazolidinediones Barbiturie acids Hydantoins 


Oxazolidinediones are mostly low-melting solids very slightly soluble 
in water, but on account of the acidic nature of the hydrogen on the 
nitrogen, they form stable water-soluble sodium and calcium salts, 
the solutions of which are stable to boiling. As yet, only 2 types 
of these oxazolidinediones have been studied pharmacologically. 
In the first, R is methyl, while R’ consists of different alkyl radicals. 
In the second type, both R and R’ are identical alkyl groups. 

All of these substances, when given intravenously to animals, 
produce a certain degree of anesthesia which is usually of very 
short duration. Although the different members of these and other 
types of oxazolidinediones are being investigated further by Stough- 
ton, the di-n-propyl-, to which we have given the tentative name 
“Propazone’’, differed so greatly in its effects on animals that it was 
chosen as the first to be studied more carefully in order to determine 
if it was suitable for clinical trial. A detailed report of the chemical 
properties of “Propazone” and its pharmacological actions can be 
found in the papers by Stoughton’ and Stoughton and Baxter.’ 
This may be briefly summarized as follows: 

When dogs were given a sufficient amount of Propazone to pro- 
duce a state of complete surgical anesthesia (125-175 mg per kg) 
the anesthesia lasted for about half an hour. During the next 15 


1 Stoughton, submitted for publication. ve 
2 Stoughton and Baxter, J. Pharm. and Exp. Therap., 1940, 69, 304. 
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to 20 hours, the animal remained in a state of deep hypnosis, from 
which it could not be completely aroused, although reacting to pain- 
ful stimuli. This was followed by a period of lighter hypnosis, of 
about the same duration, during which time the animal remained 
asleep but could be aroused sufficiently to take food and water, al- 
though unable to stand and walk about. There was practically no 
effect on blood pressure or respiration if the drug was slowly in- 
jected. No change in the electrocardiogram was observed. Dogs 
were given intravenously 8 or 10 doses of Propazone, varying in 
size from 25-250 mg per kg, at intervals varying from 5 days to 2 
weeks. Although these animals were completely anesthetized by 
most of these injections, they all recovered and showed no visible 
signs of injury or any pathological changes in the blood or urine. 
They were killed after various intervals and sections made of 
several tissues but no pathological changes were found. 

The smoothness with which anesthesia could be produced, the 
very prolonged period of hypnosis which followed and the absence 
of side effects seemed to justify a clinical trial of this substance. 

A group of psychiatric patients was chosen for study. All of 
them were in good physical condition and their behavior was such 
that modification by the drug could be readily recognized. 

As there is practically no latent period before the onset of action 
of Propazone, the intravenous route of administration was chosen. 
In this way, it was possible to follow very exactly the effects of 
definite amounts of the drug and to stop its administration at any 
moment. A 10% solution of Propazone* as the sodium salt was 
used in these cases. Amounts varying from 12 mg to 100 mg per 
kg of body weight were given intravenously at speeds varying from 
1.2 to 3.3 ce per minute. In all, 22 intravenous injections were made 
in 11 patients. The blood pressure, pulse rate and respiratory rate 
were recorded during the injection and for some time afterwards. 
No significant change in any of these factors was observed when the 
drug was injected slowly. If it was injected too rapidly, there was 
a burning sensation in the arm and an increase in the pulse rate 
as well as a slight fall of blood pressure, but there was no apparent 
effect on the respiration. Such signs and symptoms passed off at 
once if the rate of injection was slowed. Two cubic centimeters 
per minute seemed to be the optimum injection rate as it caused no 
untoward effects in any case. 


It should be pointed out that a definite fall in blood pressure may 


* For the early experiments, this substance was prepared in our laboratory, but 
was later supplied to us through the kindness of the Mallinckrodt Chemical Works. 
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occur if the drug is injected too rapidly. This was observed when 
determining the optimum rate of injection. One patient in whom 
44 mg per kg of Sodium Propazone was injected intravenously at 
a slow rate showed no untoward effects whatever. Ten cubic 
centimeters more of the 10% solution was injected rapidly and 
the systolic blood pressure fell from 110 to 80 mm of Hg. The 
blood pressure was immediately restored by the subcutaneous injec- 
tion of nikethamide (coramine). This same effect is seen after too 
rapid injection of other hypnotics and should serve to emphasize 
the need of caution with regard to the rate of injection. 

Drooping of the eyelids occurred with doses of about 5-10 mg per 
kg. After such amounts of the drug, the patients stated that they 
were not sleepy, but when left alone, were found to have slept more 
than normally. With doses of approximately 10 to 20 mg per kg, there 
was pronounced relaxation, although the patients were readily 
accessible. After such doses, a sleep of 2 to 5 hours followed. Loss 
of consciousness usually occurred after the injection of 30-50 mg 
per kg, but the patient could be aroused by mechanical stimuli, as 
pinching. If left alone, they slept for 8 to 10 hours. Complete 
anesthesia from which the patient could not be aroused by mechan- 
ical stimuli was obtained with doses of 50-100 mg per kg. These 
patients could be aroused after a few hours and were able to take 
food 8 or 10 hours later, but they immediately went back to sleep. 
One patient remained under the influence of the drug for 30 hours. 
A summary of the results obtained is given in Table I. No figures 
are given for the duration of anesthesia or hypnosis as it was im- 
possible to observe all the patients continuously after treatment. 
(See table. ) 

These patients were followed for several weeks after treatment 
and showed no ill effects from the administration of Propazone. 
The urine was examined for sugar, albumin and casts, and showed 
no pathological changes. 

A small group of epileptics who had been receiving luminal daily 
were given Sodium Propazone by mouth in doses of 1 g twice 
daily to replace the luminal. In all instances there was a reduction 
in number and in severity of attacks. One patient was given an 
intravenous injection during a convulsion. After about 5 cc of the 
10% solution were given, she became completely relaxed and talked 
to the physician. 

A patient with marked choreiform movements associated with 
episodes of crying and noisiness showed definite improvement in 
behavior when given the drug by mouth. 
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TABLE I. 


a ee Sa 
Degree of change during or 
immediately following injection 
i a an) 


Rate of 
No. of Dosage, injection, Blood pressure, Pulse Respiration 
Patient Wt, kg inj. mg/kg ¢¢c/min mm of Hg permin per min 
il 80 1 100 2.0 106/60-128/76 74-96 20-23 
2 57 2 61 3.3 118/74-80/50 110-82 18-15 
37 1.2 120/70-106/70 87-96 20 
3 64 1 34 ipa 120/80-117/76 78-88 18-17 
4 47 wal 81 1.8 88/56-108/70 75-86 22-18 
5 57 2 100 2.1 90/58-108/72 90-110 20-18 
53 2 110/70-106/68 86-97 se 
6 83 7 12 2.9 120/56-116/50 84-72 18-20 
7 64 1 ily 3.3 104/68-102/62 68-72 sg 
8 65 3 38 2.2 116/68-110/66 84-69 18-17 
19 1.9 112/70-108/60 82-80 if 
31 2.3 122/74-118/74 80-84 sd 
9 47 1 21 1.2 118/70-112/68 82-90 & 
10 44 1 42 2.3 100/66-104/70 92 a 
11 50 2 60 2.0 100/66-104/71 88-92 20-18 
40 — -— — — 


*Not taken. 


Conclusions. Propazone (5,5-dipropyl-2,4-oxazolidinedione ) has 
been given intravenously and by mouth to a group of patients. All 
stages of hypnosis and anesthesia have been produced without ill 
effects. The absence of side reactions, the striking degree of re- 
laxation which comes on in even the early stages of hypnosis and 
its long duration of action indicate that this substance might be of 
therapeutic value. Its use in epilepsy is being investigated. 
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Effect of Adrenal-Demedullation on Acceleration of Denervated 
Heart by Acetylcholine Hypotension.* 


W. B. Youmans, H. F. Haney, A. J. Linpcren anp A. I. 
KARSTENS. 
From the Department of Physiology, University of Oregon Medical School, 
Portland. 


Evidence has been presented that adrenaline and sympathin are 
liberated reflexly in unanesthetized dogs as a result of the brief 
hypotension produced by intravenous injection of acetylcholine.’ 
The diphasic action of acetylcholine on intestinal motility was in- 
terpreted as resulting from a direct stimulatory effect of the com- 
pound on the intestinal smooth muscle followed by inhibition of the 
intestine by sympathomimetic substances. Adrenal demedulla- 
tion prolonged the direct excitatory phase and reduced the inhibitory 
phase. It was considered that the inhibition that still resulted after 
adrenal demedullation was caused by sympathin liberated at the 
endings of adrenergic nerves activated reflexly by the fall in blood 
pressure. 

Wiggers and Green have suggested that the evidence that a part 
of the acceleration of the denervated heart after acetylcholine in- 
jection is caused by adrenalin would have been more convincing had 
it been shown that the acceleration is reduced after excision of the 
adrenal medullae.” Such an experiment should also determine the 
cardiac effects of the sympathin produced during acetylcholine 
hypotension. The effect of a given dose of acetylcholine on the 
rate of the denervated heart can not be readily determined for the 
same dog before and after adrenal-demedullation, because the nu- 
tritional state of the animals with denervated hearts does not permit 
carrying them through additional operations. However, records 
have been obtained from 2 series of dogs with denervated hearts, 
one series having intact adrenal glands and the other series having 
the adrenals demedullated prior to the cardiac denervation. 

Data obtained by the methods previously described* show that 
adrenal demedullation greatly reduces, but does not entirely eliminate, 
the acceleration of the denervated heart following acetylcholine in- 


* Aided by a grant from the John and Mary R. Markle Foundation. 

1 Youmans, W. B., Aumann, K. W., Haney, H. F., and Wynia, F., Am. J. 
Physiol., 1940, 128, 467. 

2 Wiggers, C. J., and Green, H. D., Annual Rev. Physiol., 1941, 3, 313. 
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jections. These facts provide additional evidence that acetylcholine 
causes the liberation of sympathomimetic substances from both 
adrenal and extra-adrenal sources. The lower curves in the figure 
show a comparison of the average effect of intravenous acetylcholine 
on the rates of the denervated hearts of otherwise normal dogs 
(solid line) and of dogs with the adrenal glands demedullated 
(broken line). The former curve is based on 28 experiments on 


Of = et EH ate ; 
I20 a4 a EERE 
Nitroglycerin 10 20° 30 40 50 6 0 
& injection 
Nj 
N 
®& 150 | 
~~ { 
Q c Ht I i 
§ : 
x (30H a BEE 
S iP HH 
Se Ie 
I20 sai @ iS 
= fami 
[10 ; : EH 
eB ¥ nat on 
100 (gale ary HE 
| “gn EEEEHH 


90RF 
Basal rates | OT eer ee 
Acetylcholine injection Seconds after Injection 
*——— Denervated hearts, adrenals intact 


~~~ Denervated hearts, adrenals demedullated 
Fig. 1, 


ACCELERATION OF DENERVATED HEART Zl 


9 dogs, and the latter is based on 15 experiments on 5 dogs. Analysis 
of individual records showed that the denervated hearts of adrenal- 
demedullated animals were accelerated to rates 10% to 35% above 
the pre-injection level. The denervated hearts of animals with 
adrenals intact were accelerated, with comparable doses, to as high 
as 100% above the pre-injection level, and half of these were ac- 
celerated more than 35%. Hearts were considered to be com- 
pletely denervated if they showed no reflex slowing from a rise in 
blood pressure produced by neosynephrin and if early acceleration 
was not obtained following a sharp fall in blood pressure. Eight 
dogs were discarded because they failed to meet these requirements. 

It is possible that a part of the sympathin production during 
acetylcholine hypotension may have resulted from ganglionic stimu- 
lation. Therefore, it was desirable to produce hypotension by a drug 
lacking nicotinic action. A dose of nitroglycerin was determined 
which upon intravenous injection produced a severe lowering of 
blood pressure. The effect of this dosage (1 cc of 1 to 2500 solu- 
tion) on the rate of the denervated heart as determined in 3 adrenal- 
demedullated dogs is shown in the upper part of the figure. The 
late appearance of the cardiac acceleration and its duration indicate 
that the acceleration is not caused by the direct action of the nitro- 
glycerin. The animals showed no external signs of being disturbed 
by the injection. 

The data obtained in this study when combined with those of the 
previous paper’ indicate that a sharp lowering of the blood pressure 
produced by mild procedures in unanesthetized dogs under near- 
basal conditions is opposed by reflex liberation of adrenalin. When 
the adrenals are demedullated a lesser amount of a substance acting 
qualitatively and quantitatively like adrenalin on both the denervated 
heart and the denervated intestine still enters circulation. This sub- 
stance is probably sympathin produced primarily by excitatory 
adrenergic nerves which are reflexly activated to compensate for the 
low blood pressure. However, this sympathomimetic substance does 
not possess the peculiar properties attributed to excitatory sympa- 
thin by the theory of Cannon and Rosenblueth;’ it can not be dis- 
tinguished from adrenalin itself by the test objects used. 


3 Cannon, W. B., and Rosenblueth, A., Autonomic Neuro-effector Systems, pp. 
98-109, Macmillan & Co., 1937. 
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Excretion of Bromsulfalein in the Bile. 


A. CANTAROW AND C. W. WIrTs.* 


From the Departments of Medicine and Physiology, Jefferson Medical College, 
and the Laboratory of Biochemistry, Jefferson Hospital, Philadelphia. 


Bromsulfalein, injected intravenously in a dosage of 2 mg per 
kilo of body weight, is rapidly removed from the blood stream 
(85-95% in 5 minutes; 100% in 30 minutes), but its elimination in 
the bile continues over a period of several hours. This suggests 
that two separate or related mechanisms are involved and that 
simultaneous investigation of the rapidity of removal of the dye from 
the blood and the curve of its elimination in the bile might yield 
information of interest. 

The concentration of bromsulfalein in the bile was determined 
as follows: 0.1 ce of bile was added to 15 cc of distilled water and 
0.1 cc of 10% NaOH, and mixed by inversion. A blank was pre- 
pared for each specimen, containing 0.1 ce of bile, 15 ce of water 
and 0.1 cc of 10% NaCl. If turbidity developed the mixtures were 
filtered. After 10 minutes, readings were made in the Evelyn photo- 
electric colorimeter, using filter 580, and the concentration of brom- 
sulfalein determined on the basis of a calibration curve obtained by 
adding known amounts of the dye to bile. In the case of very high 
concentrations, 30-45 cc water may be used instead of 15 cc. 

Studies were made upon 6 cholecystectomized, bile-fistula dogs 
(45 determinations), 10 patients with T-tubes in the common bile 
duct (32 determinations), and 24 subjects in whom bile was ob- 
tained by duodenal intubation (60 determinations). Bromsulfalein 
was injected intravenously (2 mg per kilo), blood was withdrawn 
at the end of 30 minutes for estimation of the degree of retention of 
dye and determination of the serum bilirubin concentration, and 
bile was collected by continuous drainage in 15-minute fractions 
over a period of at least 2 hours. In patients in whom the gall blad- 
der was present, the bladder bile was withdrawn (magnesium sulfate 
stimulation) before injection of the dye. 

Under normal conditions, none of the dye remained in the blood 
at the end of 30 minutes after injection, and it usually appeared in 
the bile during the first 15-minute collection period. A maximum 
concentration in the bile (24-200 mg per 100 ce in human subjects ; 


*Ross V. Patterson Fellow in Gastroenterology. 
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42-292 mg per 100 cc in dogs) was reached in 45-75 minutes, the 
quantity of dye subsequently falling to a relatively low level at 2 
hours, some frequently being still present after 5-6 hours. Normally, 
50-83% of the quantity injected was excreted in the bile during the 
first hour and 67-100% within 2 hours. The highest concentration 
observed in the entire series (normal and abnormal) in bile ob- 
tained directly from the common duct was 532 mg per 100 ce in 
dogs and 369 mg per 100 cc in human subjects, while the highest 
concentration in material obtained by duodenal intubation was 200 
mg per 100 cc. The frequently lower concentrations in the latter 
cases in the presence of normal total excretion values is probably 
due to admixture of the bile with pancreatic, duodenal and, occa- 
sionally, gastric secretions. Contamination with gastric juice, which 
may cause considerable turbidity in the specimen, may be mini- 
mized by the use of a double lumen tube (Diamond),' permitting 
continuous removal of gastric secretion under negative pressure 
through one channel simultaneously with withdrawal of duodenal 
contents through the other. 

Abnormal excretion of the dye was evidenced by one or more of 
the following phenomena: (1) delayed removal from the blood; 
(2) delayed entrance into the bile; (3) delayed attainment of max- 
imum concentration in the bile; (4) prolonged high curve of ex- 
cretion in the bile; (5) subnormal concentration in the bile; (6) ab- 
normally low excretion within one or 2 hour periods following the 
injection. 

In 9 patients with other evidence of hepatic or biliary tract dis- 
ease, significantly abnormal findings were obtained in the absence 
of abnormal retention of bromsulfalein in the blood. In these 
cases, the one-hour excretion ranged from 6 to 45% and the 2-hour 
excretion from 30 to 75% of the amount administered. Similar 
findings were obtained on 11 occasions in bile-fistula dogs, the total 
excretion at one hour being 25.7-41.i1% and at 2 hours, 36-61% 
of the quantity administered. 

Observations were made during a period of progressive partial 
obstruction to the flow of bile in a bile-fistula dog. The latter find- 
ings are presented in Table I. 

These data indicate that considerable flattening of the curve of 
dye excretion in the bile, and progressive diminution in the total 
quantity excreted during the 2-hour period may occur before there 


1 Diamond, J. S., Siegel, S. A., Gall, M. B., and Karlen, 8., Am. J. Digest. Dis., 
1939, 6, 355. 
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TABLE I. ; ] be 
Bromsulfalein Excretion in a Bile-Fistula Dog During Progressive Partial Bihary 
Obstruction. 
es 
Blood Total 
a Minutes Excretion 
Bili- > a 
rubin Dye 15) 307 45) 160) pan 90 LOD 20 lLhr 2 hr 
Date mg%  Y%* —.- Mg dye per 100 cc bile % Jo 
en ail 0 29 292 210 100 97 95 95 77 83 91 
2-6 sil 0 i 5 O15 ORS On? ere GOO 35 61 
2-10 3 0 2 19 46 45 45 33 25 30 26 36 
2-14 9 0 Oe oi ¢h ai) Wg 68 ay ae 4 18 


*30 minutes after injection of 2 mg per kilo. 


is any significant interference with removal of the dye from the 
blood. 

There is some evidence that Kupffer and other reticuloendothelial 
cells are concerned with the removal of bromsulfalein from the 
blood,*” whereas its elimination in the bile must be accomplished 
by the hepatic cells. The procedure presented here affords a means 
of clinical investigation of these two phases of the elimination of 
bromsulfalein from the body. The data suggest that dissociation of 
Kupffer and hepatic cell function may be demonstrated frequently, 
particularly during periods of increasing and decreasing bile stasis. 
Other studies are in progress which are concerned with the effects 
of reticuloendothelial “blockade” and the administration of various 
cholagogic and choleretic agents. 
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Some Effects of Injection of Acacia: With Special Reference to 
Renal Function. 


ARNOLDUS GOUDSMIT, JR., MARSCHELLE H. Power AND JESSE L. 
BOLLMAN,. 


From the Divisions of Biochemistry and Experimental Medicine, Mayo Foundation, 
Rochester, Minnesota. 


In recent years numerous reports have appeared in the literature 
relative to the diuretic activity of acacia in certain forms of renal 
disease associated with edema. Similarly, many experimental studies 


2 Herlitz, C., Acta, pediat. (supp. 5), 1931, 12, 1. 

3 Klein, R., and Levinson, S. A., Proc. Soc. Exp. Biot. AND MeEp., 1933, 31, 179. 

4 Mills, M. A., and Dragstedt, C. A., Proc. Soc. Exp. Bion. AND MED., 1936, 
34, 228. 

5 Mills, M. A., and Dragstedt, C. A., Arch. Int. Med., 1938, 62, 216. 
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have been published dealing with the effect of the administration of 
solutions of acacia on the volume of the blood and plasma, the con- 
centration of plasma proteins and the function of the liver. No re- 
port of its action on the functions of the kidney, however, has come 
to our attention. The present experiments were undertaken to 
obtain such information. 

Experimental. A 5% solution of d-glucose was injected intra- 
venously into dogs at a constant rate throughout the experiments. 
After steady diuresis had been established, an autoclaved salt-free 
10% solution of acacia in 5% d-glucose was infused instead, without 
changing the rate of injection. At the end of this period, the fluid 
injected was changed so as to consist again of 5% d-glucose. Be- 
tween 1.1 and 2.5 g of acacia per kilo of body weight has been ad- 
ministered in different experiments. The rates of excretion of 
creatinine, urea, water and chloride before, during and after the 
injection of solution of acacia were studied, as well as the hemato- 
crit values and the concentration of the plasma proteins and of acacia 
in the plasma. 

Results and Comment. Some of the results of 4 such experiments, 
comprising 11 periods of observation before the administration of 
acacia and 32 periods during its infusion and subsequent to it, have 
been represented in Fig. 1. In general, the experiments show the 
following features: (1) creatinine clearance remains essentially 
unchanged; (2) urea clearance shows more fluctuation than crea- 
tinine clearance; its larger changes appear definitely associated with 
changes in urinary volume; (3) urinary volume (water excretion ) 
decreases as a solution of acacia is being infused but shows a tend- 
ency to return to its previous levels later in the experiments; 
(4) the concentration of chloride in the plasma decreases, obviously 
largely because of the increased volume of the plasma (a conse- 
quence of the injection of the salt-free solution of acacia) ; 
(5) the rate of excretion of chloride in the urine appears consistently 
increased after the injection of solution of acacia. 

Chloride Excretion. The difference between the relative con- 
sistency of the creatinine clearance and the rather marked changes in 
the rate of excretion of chloride is obvious. In experiment D, the 
increase of the rate of excretion of chloride is the least striking; 
however, the maintenance of its rate of excretion at the original 
level appears significant, since the volume of urine excreted per 
minute following the injection of solution of acacia was diminished 
by 79%, and the concentration of chlorides in the plasma decreased 
from an average of 375 to 352 mg per 100 cc. 
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(exogenous). 

As an average for all the experimental periods, the increase of 
the rate of excretion of chloride observed amounted to 189%. 
In experiments B and C there was no overlapping of the values of 
chloride excretion before and after injection of the solution of 
acacia. Under the same circumstances, the creatinine clearance 
showed an average decrease of 3% and in all instances the values 
before and after the injection of solution of acacia showed appre- 
ciable overlapping. 


Although the absolute change in terms of clearance of chloride 
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seems nearly infinitesimal when compared with the magnitude of 
the volume of the glomerular filtrate, it would seem important never- 
theless from the point of view of chloride balance. Physiologically 
and pathologically, this appears significant, especially since, in the 
nephrotic syndrome, the excretion of sodium chloride is impaired, 
and its retention, along with water, gives rise to the pathologic ac- 
cumulation of edema fluid. These considerations gain added im- 
portance, since Binger, Keith, and one of us (Goudsmit)* showed 
comparable increases of the rates of excretion of chloride in patients 
having nephrotic edema under treatment with solution of acacia. 

Pincus Proteins. In all experiments, the concentration of plas- 
ma proteins was decreased, following the injection of a solution of 
acacia. This decrease was roughly proportional to the dose of 
acacia, and appears to have been caused chiefly by dilution, since 
the change in the concentration of plasma proteins can be rather satis- 
factorily predicted from the changes in the values of the hemato- 
crit. The deviation of the average predicted change in plasma pro- 
teins from the average change observed is 3%. The concentrations 
of acacia in the plasma observed subsequent to the completion of its 
injection varied between 1210 and 3100 mg per 100 cc. 

Summary. In experiments on dogs, after the intravenous injec- 
tion of acacia, it was found that (1) the rate of glomerular filtration 
is essentially unchanged; (2) water excretion shows a diphasic re- 
sponse; (3) chloride excretion is markedly increased; (4) plasma 
proteins and hematocrit values diminish in comparable extent. 
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Further Studies on a Frog Method for Assaying Gallbladder- 


Contracting-Substances. 


Lioyp D. SEAGER. 


From the Departments of Pharmacology, St. Louis University and University of 
Tennessee, Memphis, Tenn. 


Cholecystokinin is usually assayed by the dog method,’ incom- 
pletely described, and by the guinea pig method.” * Both are time 


1 Goudsmit, Arnoldus, Jr., Binger, M. W., and Keith, N. M., unpublished data. 
1 Ivy, A. C., and Oldberg, E., Am. J. Physiol., 1928, 86, 599. 

2 Agren, Gummar, Skand. Arch. J. Physologie, 1934, 69, 1. 

3 Doubilet, H., and Ivy, A. C., Am. J. Physiol., 1938, 124, 379. 
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consuming and expensive in animal materials. In a previous com- 
munication,’ I have described a simple frog method of assay and 
the present report is concerned with factors that may affect it. The 
influence of sex, season, repeated injections, starvation and pH have 
been studied. A comparison has been made of the response of the 
dog and frog to the same product. Two new preparations of chole- 
cystokinin have been made according to Ivy’s S.I. method® from dog 
intestine and compared to the standard previously used. The assay is 
as follows: 

Active dark-colored male frogs weighing 20-40 g are selected, 
cerebra are crushed, cords pithed and viscera exposed through a 
paramedian incision. The bloodflow to the gallbladder is observed 
under a low-power microscope and only those preparations are used 
that show an active circulation. Injections are made intra- 
cardially. The criterion of contraction of the gallbladder is the 
visual observation of a definite rounding, irregularity or opalescence. 
When more than one injection is made in the same animal, at least 
40 minutes are allowed between injections. 

A frog unit is defined as the amount of substance that, when in- 
jected intracardially per 30 g frog, brings about contraction of the 
gallbladder in 50% of 20 or more experiments. 

The standard used for comparison is a preparation of S.I. (Ivy) 
used for experiments previously reported* and having a potency of 
25 frog units per milligram. 

Results and Discussion. Comparison of the gallbladder response 
of male and female frogs to S.1. injection was made on early 
summer frogs. Female frogs appear to be slightly less sensitive 
than males, giving an assay of 20.8 units per mg as compared to 
23.7 units per mg for the males. 

An analysis of first and subsequent injections in this group of 
animals shows no appreciable difference in response to the same 
dosage. Forty minutes or more were allowed between injections 
in the same animal. 

Some seasonal variation in response to S.I. is apparent. Using 
the same standard preparation, early spring frogs showed an assay 
potency of 24.4 units per mg; early summer frogs 23.7 units per mg; 
normal late summer frogs 10.8 units per mg; and fall and winter 
frogs 21.7 units per mg. Summer frogs that had been starved at 
room temperature for 3 months presented gallbladders that were 
markedly distended with thick bile. There were only a few of the gall- 


4 Seager, L. D., Proc. Soc. Exp. Bron. AND Mep., 1939, 41, 326. 
6 Greengard, H., and Ivy, A. C., Am. J. Physiol., 1938, 124, 427. 
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TABLE I. 
Influence of Sex, Season and Starvation on the Assay of 8.1. 
ooo... 
8 — ———————EEEEEEEEESESESSaSsanananananananananananaeEeEeaEe=E=Eeeeee 


% solution No. of exp. Contractions No change 


Spring male frogs .030 40 36 4 
025 73 55 17 
.020 32 15 17 
.015 29 3 26 
Early summer male frogs .030 20 18 2 
.025 104 72 32 
.020 60 27 33 
015 32 8 24 
Early summer female frogs .025 98 53 45 
020 60 26 34 
.015 28 5 23 
Starved summer frogs .025 20 0 20 
.050 24 3 21 
10 28 4 24 
Normal summer frogs 10 24 15 9 
05 40 2 19 
.03 24 7 17 
Fall and winter frogs .030 48 38 10 
025 24 14 10 
020 28 11 13 


bladders of this group of animals that contracted even when large 
doses of S.I. were used. This finding is in keeping with the ob- 
servation of McMaster and Elman’ that with starvation there is a 
storage and concentration of bile. Failure of these distended blad- 
ders to contract is possibly explained by the experiments of Ivy and 
Doubilet* showing that distension of the gallbladder beyond a 
certain optimal pressure greatly reduced its response to chole- 
cystokinin. Analysis of the above results indicates that with the 
exception of starved summer frogs and late summer normal frogs, 
there is no significant statistical seasonal variation. 

Two new preparations of S.I. were made from dog duodenum 
and intestine. S.I.T.; was prepared as usual by Ivy’s method. 
S.1.T.:0 was prepared from the filtrate remaining after removal 
of S.I. from the 5% trichloracetic acid. When the concentration 
of this acid is brought up to 8-10%, a new precipitate forms which 
is much finer in texture and settles out more slowly. It was collected 
on filter paper (Whatman No. 5), washed with absolute aldehyde- 
free acetone and ether and dried in a desiccator. 

Assay of the two preparations showed a potency of 60 units per 


5 McMaster, P. D., and Elman, R., J. Exp. Med., 1926, 44, 173. 
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mg for the S.I-T.1. and 3.9 units per mg for the Sdisee Winter 
frogs were used. 

An attempt was made to rule out histamine-like or choline-like 
substances as being the active components in these extracts. 

0.2 cc of 0.1% atropine sulfate per 30 g frog was injected intra- 
cardially in 24 frogs. Subsequent injections of 0.2 cc of 0.1% 
S.LT.; gave gallbladder contractions in 23 animals. The dosage 
of atropine was sufficient to partially or completely block the effect 
of vagus stimulation on the heart. 

That an H-like substance is not an active component of the ex- 
tracts in these experiments is borne out by the fact that 42 intra- 
cardiac injections of histamine of doses varying from 0.1 to 0.4 mg 
produced no contractions. 

Frog saline of varying pH, 5 to 9, produced only one contraction 
in 82 experiments. 

Using the dog method of assay,’ 5 of 11 dogs showed increased 
gallbladder pressure on the intravenous injection of 0.2 mg of 
S.I. per kilo. Weight for weight according to this result, the 
dog is about 16 times as responsive to S.I. as is the frog. The dog, 
however, is more expensive as assay material and entails much more 
labor and time. 

Summary. The frog is a satisfactory animal for the assay of gall- 
bladder contracting materials and has the advantage over others of 
time and expense. Assays on normal summer frogs give lower 
figures than at other seasons. There is no significant variation in 
the assays on spring, early summer, male and female frogs, or 
winter frogs. Starved frogs have gallbladders greatly distended 
with thick bile. Such distended bladders do not respond well to 
S.I. The response of the frog’s gallbladder to S.I. is not due to the 
presence of histamine or choline-like substances in the extracts. A 
modification of Ivy’s method for the preparation of S.I. has resulted 
in the isolation of a more potent preparation and the recovery of 
much active material lost by the original procedure. 
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Toxicity of Actinomycin. 


SELMAN A. WaxksMAN, H. Rosinson, H. J. MetzcEr anp H. 
Boyp WoopruFF. 


From the New Jersey Agricultural Experiment Station, Rutgers University, New 
Brunswick, N.J., and the Merck Institute of Therapeutic Research, Rahway, N.J. 


An Actinomyces possessing strong antagonistic properties to all 
the bacteria so far tested and to a number of fungi has been 
isolated from the soil by two of us and described as Act. antibio- 
ticus.. An active substance was obtained in crystalline form from 
cultures of this organism grown on organic and inorganic media 
and designated as actinomycin. This substance has strong bac- 
teriostatic and bactericidal properties. 

The following observations are presented here to illustrate the 
extreme toxicity of actinomycin. In most experiments, the purified 
crystalline actinomycin A was employed. It was dissolved in alco- 
hol to give 5-10 mg per 1 cc, and diluted further with sterile 
water or saline solution. The acute toxicity of actinomycin was 
determined in 320 mice, 60 rats, 19 guinea pigs, 32 rabbits, 3 hens 
and 50 15-day-old chick embryos. Doses ranging from 0.10 to 
30 mg per kg body weight were given intravenously, intraper- 
itoneally, subcutaneously and orally. Observations were made fre- 
quently during the first 12 hours and thereafter twice daily for 
varying additional periods. The results obtained in one group of 

TABLE I. 


Acute Toxicity of Actinomycin in Mice. 
10 mice used for each treatment. 


No. dead, after days 


an 
Intrav Intrap. Subeut. Oral 
Dose, ee a raz (Ga 
mg/kg A 7 Re ee 87h i oy 
0.15 ue © Oy) @ —- — 
0.25 Ue OZ al —- — 
0.50 Ue te} 0 10 OF 10 —- — 
1.0 9 10 ORO 0 10 —_- — 
2.0 LOR LO 8 10 10 10 © 
5.0 10 10 10 10 LOR ELO 0 0 
10.0 —= — — — — — Os 
15.0 —_—- — —_- — —_- — of 
20.0 —_- — —_—- — —_- — 10 10 


1 Waksman, 8. A., and Woodruff, H. B., J. Bact., 1940, 40, 581; 1941, 42, in 
press; Proc. Soc. Exp. Biou. AND Mep., 1940, 45, 609. 
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experiments on mice are presented in Table I. Similar results were 
obtained in rats, rabbits and other animals. 

It is evident that actinomycin is extremely toxic to experimental 
animals, being considerably more toxic than gramicidin, tyrocidin, 
or penicillin. Doses of 1 mg or more per kg were lethal, the toxicity 
becoming more apparent when observations were extended over a 
7-day period. Toxic signs consisting of weakness, languor, anorexia 
and diarrhea, developed 6-12 hours following actinomycin admin- 
istration, Gross hematuria occurred frequently in rabbits from 
4 to 6 hours after intravenous administration of 1 mg per kg. As 
intoxication progressed, the nervous system became involved as 
evidenced by ataxia and tonic convulsions. The immediate cause 
of death appeared to be respiratory failure, since the heart con- 
tinued to beat for some time after respiration ceased. Congestion 
in the lungs, liver, spleen and intestinal viscera was found, the most 
striking phenomeon being the diminution in the size and weight 
of the spleen. 

The 15-day-old chick embryos tolerated a dose of 1 mg per kg 
weight. However, this dose was sufficient to prevent their hatching. 

Working with strains of Staph. aureus, Cl. welchu, Strep. hemo- 
lyticus and Pneumococcus Type I, actinomycin was found to have 
a powerful bacteriostatic effect. Over a 5-day period, with or 
without the presence of 10% serum, this bacteriostatic action 
slowly became bactericidal. Actinomycin appears to be somewhat 
more effective against pneumococci and streptococci than against 
staphylococci. Anaerobic bacteria are less sensitive than the above 
aerobic forms. 

The antibacterial action of actinomycin im vivo was studied in 
mice using a mouse virulent strain of Pneumococcus Type I and a 
hemolytic strain of streptococci Lancefield group A. The infected 
mice were treated immediately after the inoculation with single 
doses of 0.25, 0.5 and 1.0 wg of actinomycin intraperitoneally, sub- 
cutaneously or orally. A second series of experiments consisted of 
infecting mice intraperitoneally and treating them orally, sub- 
cutaneously or intraperitoneally, every 4 hours, until death, with 
doses of 0.1 and 0.2 wg. Under these conditions actinomycin 
afforded little or no protection. In a control group of mice 3 pg of 
gramicidin afforded complete protection. However, some effect 
was obtained with actinomycin against infection with Trypanosoma 
equiperdum. It was also found that a dose 50 vg was ineffective in 


protecting guinea pigs and incubated eggs against a virulent strain 
of Brucella abortus. 
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A dose of 2.5 »g actinomycin per 20 g of animal weight, using 
mice, rats and chickens, was found to disappear from the circulating 
blood within a period of 60 minutes. Analysis of the urine indicated 
that within a period of 6 hours from 10-20% of actinomycin was 
excreted in the urine of rabbits. 

Summary. Actinomycin is found to be a powerful bacteriostatic 
and bactericidal agent in vitro. The presence of serum does not 
diminish the efficacy of this substance. However, no protection is 
afforded to mice inoculated with cultures of Streptococcus hemo- 
lyticus or Pneumoceccus Type I, or to guinea pigs inoculated with 
Brucella abortus. The lack of in vivo activity may be due, among 
other things, to the rapid disappearance of actinomycin from the 
blood. Actinomycin is extremely toxic to all animal species, death 
apparently resulting from respiratory failure. Most deaths do not 
occur until 15-20 hours after actinomycin inoculation. 
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Oxygen Consumption and Growth in Cultures of an Obligate 
Anaerobe, Bacteroides vulgatus. 


YALE J. Katz aNnp Martin E, HANKE.* 


From the Department of Biochemistry, University of Chicago, Chicago, Illinois. 


Following the observations of Knight and Fildes* on Clostridium 
tetani, and of Vennesland and Hanke’ on Bacteroides vulgatus, that 
these two kinds of anaerobes grow in the presence of controlled and 
limited tensions of oxgen, provided the En is kept below a certain lev- 
el, it was of interest to determine whether this growth is characterized 
by oxygen consumption. The latter authors in fact observed that 
when cultures of Bacteroides vulgatus are exposed to pure Oz, this 
gas is consumed at a slow rate, but here the organisms were dying 
rapidly and this oxygen consumption could hardly be related to 
growth of the anaerobe. In this study oxygen consumption is 
measured during growth. 

The apparatus and procedure were essentially those of Vennes- 
land and Hanke.” A 4-ounce wide-mouth bottle containing 75 cc 


* This work was aided by a grant from the Dr. Wallace C. and Clara A. Abbott 
Memorial Fund of the University of Chicago. 

1 Knight, B. C. J. G., and Fildes, P., Biochem. J., 1930, 24, 1496. 

2 Vennesland, B., and Hanke, M. E., J. Bact., 1940, 39, 139. 
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of 1% glucose nutrient broth is fitted with a rubber stopper which 
supports 2 platinum electrodes, a glass electrode, a salt bridge to a 
calomel cell, and inlet and outlet tubes for the circulation of a gas 
mixture. After inoculation with 2 cc of a 36-48 hour brain-broth 
culture of Bacteroides vulgatus, strain marino, a gas mixture of 
purified nitrogen containing about 2% CO, is circulated through 
the medium, and when, after several hours, the oxidation-reduction 
potential observed with the shiny platinum electrodes has fallen to 
about +0.100 volt, the oxygen content of the gas is gradually in- 
creased so that the potential remains at an En of about +0.100 volt, 
never rising above 0.150. After about 12 hours evidence of growth 
appears in terms of increasing turbidity, and a gradual fall in pH, 
of about 0.1 pH per hour. 

At this time, by means of a closed-system, gas-circulating pump, 
a mixture of about 6% O:, 2% COs, and the rest nitrogen is 
circulated through the culture at such a rate that the En remains below 
0.150 volt and growth continues. The gas-circulating device con- 
sists of a 300-cc tonometer with both inlet and outlet tubes leading 
from and to the culture vessel, with a pair of glass valves, so that the 
gas can pass only in one direction. A mercury leveling-bulb at- 
tached to the bottom of the tonometer which is alternately raised 
and lowered about 10 cm once every 3 seconds by a windshield-wiper 
motor provides the pressure changes necessary for the motion of 
the gas. At suitable times 50 cc samples of gas are withdrawn 
through a side-arm stopcock for analysis for O, and CO, by the 
method of Van Slyke and Sendroy.® 

Controls were studied in which the potential was maintained 
above 0.150 volt throughout, by starting early the circulation of an 
oxygen-containing gas mixture. These controls, which differed in 
their preparation from the test vessels only in the time at which the 
circulation of the oxygen-containing gas was started, showed no 
evidence of growth, that is, no turbidity and no significant pH 
change. Other observations were made in which the potential was 
kept below 0.150 volt until growth was well started, and then 
elevated above 0.150 volt during the circulation of the analyzed gas 
mixture. 

Results. Table I gives the result of one typical control and test 
experiment. Eight observations in 4 experiments where growth 
occurred while circulating gas mixtures containing 3 to 8% Os, 
showed an average oxygen consumption of 0.17 cc pure O, per hour. 
The control O, consumption was 0.01 cc per hour which is just 


8 Van Slyke, D. D., and Sendroy, J., Jr., J. Biol. Chem., 1932, 95, 509. 
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ate, TABLE I. 
Oxidation-reduction Potential, pH, and Oxygen Consumption in Cultures of 
Bacteroides vulgatus. 


ce pure Og consumed 


by culture 
: Avg Volume 7 
Time, potential, ApH % Og of gas in time 
hr millivolts pH  perhr ingas ince interval per hour 
0 6.5 
210 01 
10.5 6.4 9.41 
170 .00 
14.0 6.4 9.45 150 (+.06) (+.02) 
240 01 
25 6.3 9.35 100 10 01 
0 6.5 
130 0 
4.0 6.5 
75 -10 
10.0 5.9 6.79 
75 13 
11.5 5.7 6.72 225 16 10 
80 25 
13.5 5.2 6.36 150 54 27 
130 04 
23 4.8 5.63 100 73 -06 


With potential above 150 millivolts, there is no growth, no turbidity, no pH 


change, and no oxygen consumption. 
With potential below 150 millivolts, there is extensive growth, marked turbidity 


(15 mg dry weight of organisms at end), definite pH change, and oxygen con- 
sumption. 
within the limit of experimental error. In the experiments where 
growth was allowed to begin but then was diminished by elevating the 
potential above 0.150 volt, the O, consumption was 0.06 cc per hour. 
The dry weight of organisms in cultures showing maximum 
growth averaged 15 mg and the Qo, on this basis is 11. This 15 mg 
represents the final weight at the end of the experiment, and the 
average weight during the circulation of the gas was undoubtedly 
less; so the Qo, of 11 is a minimal value. This value is close to the 
Oo, of 6-12 calculated by Stickland* from observations on meth- 
ylene blue reduction in a Thunberg tube by Clostridium sporogenes. 
Conclusion. Although Bacteroides vulgatus grows in the absence 
of oxygen and is killed by air, its growth at low oxidation-reduction 
potential in the presence of 3 to 8% oxygen is characterized by 
oxygen consumption. 


4 Stickland, L. H., Biochem. J., 1934, 28, 1746. 
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Inactivation of Estrone in Normal Adult Male Rats. 


GERSON R. BISKIND. 


From the Department of Pathology, Mount Zion Hospital, San Francisco, and the 
Division of Pathology, University of California Medical School, San Francisco. 


Previous observations have shown that estrogens and androgens 
are inactivated by the liver in castrate rats of the appropriate sex,” 
and that normal female rats inactivate testosterone propionate.* 
Estrogens and androgens have been demonstrated to be present 
in both sexes.* It has recently been found that of all tissues hitherto 
examined the greatest concentration of estradiol is in the testes of 
horses.® These facts indicate that a system must be present to in- 
activate the estrogens occurring in males. The following experiment 
was designed to investigate this problem. 

The technic employed in this experiment was similar to that 
previously described.* The pellets of estrone (keto-hydroxy-estra- 
triene*) were prepared in a mold and uniformly compressed. Nor- 
mal adult male rats of the hooded type were employed. In one 
group the pellet was implanted in the subcutaneous tissues ; in another 
group in the spleen. In a third group it was implanted in the 
spleen, and this organ was subsequently transplanted between the 
skin and subcutaneous tissues, and after an interval of 16 days its 
vessels were ligated. The right testis was removed in half the num- 
ber of animals of each group at the time the pellet was implanted 
to provide an additional control. The animals were sacrificed 42 
days after insertion of the pellets, and the organs were quickly dis- 
sected and immediately weighed on a damped balance. A group of 
8 normal adult male rats served as controls. 

The results are shown in Table I, which indicates the site of the 
pellet, the number of animals in each group, the average weight of 
the animals and the average weights of the right testis, left testis, 
bulbo-urethral muscles, seminal vesicles and prostate, respectively 
for each group. The average amount of estrone absorption in each 
group is also shown, determined by weighing the pellet at the begin- 
ning and at the termination of the experiment. 


1 Biskind, G. R., and Mark, J., Bull. Johns Hopkins Hosp., 1939, 65, 212. 
* Biskind, G. R., Proc. Soc. Exp. Bron. AND Mep., 1940, 43, 259. 

3 Biskind, G. R., Proc. Soc. Exp. Bron. AND Mep., 1941, 46, 452. 

4 Gustavson, R. G., In Sex and Internal Secretions, Chap. xiv, 1939. 

5 Beall, D., Biochem. J., 1940, 34, 1298. 

* Supplied through the courtesy of Parke, Davis & Co., Detroit, Mich. 
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TABLE I. 
8S SS OEE — — —— SSS 
Bulbo- Avg daily 
a Avg Right Left urethral Seminal absorption 
Location of No.of body testis, testis, muscles, Prostate, vesicles, 42 days, 
pellet animals wt, g mg mg mg mg mg mg 
None 8 460 1721 1696 507 1024 506 — 
Spleen 4 434 1485 1566 512 1205 439 .016 
a 4 475 1687* 1921 539 1276 539 016 
Transplanted spleen 3 335 362 367 OM 468 190 -012 
a3 se 3 313 1563* 370 169 358 163 .016 
Subcutaneous tissues 4 285 273 283 139 276 139 .023 
7? 2 4 279 1600* 358 147 332 146 012 


*Right testis removed at time of implantation of pellet. 


A pellet of estrone implanted in the subcutaneous tissues of a 
normal adult male rat produced marked atrophy of the testes. This 
effect was mediated by the inhibition of the hypophyses with sup- 
pression of the gonadotropic hormone.® When the pellet was im- 
planted in the spleen, permitting the absorbed material to be trans- 
ported to the liver by way of the portal system, the specific effect was 
not evident. Transplantation of the spleen and ligation of its ves- 
sels diverted the absorbed hormone into the systemic circulation and 
produced results similar to those produced by the pellet in the sub- 
cutaneous tissues. This excluded the spleen as the site of inacti- 
vation. 

Removal of one testis caused slight hypertrophy of the remain- 
ing testis. In the groups in which one testis had been removed at 
the time of implantation of the pellets and the remaining testis had 
undergone atrophy, the latter was of slightly greater average weight 
than in the groups in which both testes atrophied simultaneously. 
Thus, where there was but one testis there was no greater degree 
of atrophy; therefore confirming the observation of Hertz and 
Meyer.’ 

The prostates, bulbo-urethral muscles and seminal vesicles showed 
diminution in weight in the groups that suffered testicular atrophy. 
These changes were probably due both to loss of specific testicular 
stimulation, and to the direct effect of estrone.” The histologic 
changes in all the organs will be described in a subsequent publication. 

Summary and Conclusions. Pellets of estrone were implanted in 
the subcutaneous tissues, the spleen, and the transplanted ligated 
spleen, respectively, of groups of normal adult male rats. At the 


6 Meyer, R. K., Leonard, S. L., Hisaw, F. L., and Martin, 8. J., Proc. Soo. Exp. 
Bion. AND Mep., 1930, 27, 702. 

7 Hertz, R., and Meyer, R. K., Am. J. Physiol., 1938, 124, 259. 

8 Freud, J., Biochem. J., 1933, 27, 1438. 
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time of implantation of the pellet the right testis was removed in 
half the number of animals of each group. Marked atrophy oc- 
curred in the testes and related genital organs when the pellet was 
present in the subcutaneous tissues or in the transplanted ligated 
spleen. No changes occurred in these organs when the pellet was 
present in the normally situated spleen, indicating that when the 
absorbed estrone passes through the liver of normal adult male 
rats before reaching the organs it specifically affects, it is inactivated. 


The technical assistance of Ruth Helmuth is gratefully acknowl- 
edged. 
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Death of Embryos in Guinea Pigs on Diets Low in Vitamin E. 


Atwin M. PAPPENHEIMER AND MARIANNE GoETTscH. (With 
the assistance of Claudia Schogoleff.) 


From the Departments of Pathology and of Biological Chemistry, College of 
Physicians and Surgeons, Columbia University, New York. 


The need of vitamin E for the successful completion of pregnancy 
in rats is well known.’ More recently it has been shown to be essen- 
tial in mice also.” * We have found no reference in the literature 
describing resorption of the embryo due to vitamin E deficiency in 
guinea pigs. The failure to demonstrate this heretofore has been due 
undoubtedly to the fact that guinea pigs on vitamin E-low diets 
usually die of muscular dystrophy before the onset of sexual 
maturity. 

It seems worthwhile, therefore, to place on record certain observa- 
tions which indicate that the guinea pig, like the rat and mouse, 
requires an abundant supply of vitamin E, and that an inadequate 
intake results in death of the embryo in utero. 

Experimental. The basal diet V consisted of: 


Casein (commercial) 200 
Sucrose 150 
Cornstarch 360 
Yeast 50 


1 Evans, H. M., and Burr, G. O., Memoirs of the Univ. of Cal., 1927, No. 8. 

2 Bryan, W. L., and Mason, K. S8., Am. J. Physiol., 1940, 181, 263. 

3 Goettsch, M., and Pappenheimer, A. M., Proc. Am. Inst. Nutrition, 1941, 
Chicago. 
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Salt mixture 40 
Lard 80 
Cod liver oil 20 
Cellulose 200 


This was supplemented by 5 cc of tomato juice and 25 g of fresh 
lettuce daily. Lettuce was added to supply a necessary water soluble 
growth factor, the need for which in guinea pig nutrition has been in- 
dicated by the work of Kohler, Elvehjem and Hart,* and of Cannon 
and Emerson.® The amount of vitamin E contained in this amount of 
lettuce has been found by us in previous experiments inadequate to 
protect against muscle dystrophy. 

Of 3 controls on this basal diet, 2 died after 101 and 312 days with 
severe muscular dystrophy. The third died at 286 days without 
muscle lesions. 

Confirming our previous experiences, the addition of 25 ¢g of 
lettuce daily did not provide sufficient vitamin E to protect 2 of 
the 3 animals against muscular dystrophy, nor to ensure a successful 
pregnancy. 

Fifteen guinea pigs received a weekly supplement of 5 or 10 mg 
of alpha-tocopherol acetate (Hoffman-LaRoche). Ten of these 
had to be discarded from the experiment for various reasons. A 
brief history of the remaining 5 follows: 

Guinea Pig No. 63, receiving 5 mg of alpha-tocopherol weekly, 
was operated upon on the 30th day after mating, having had a 
bloody vaginal discharge for 2 days, and a partially resorbed fetus 
removed from the right uterine horn. This animal is alive and has 
again been mated, receiving 25 mg of alpha-tocopherol, 2 days after 
being placed with the male. 

Guinea Pig No. 47, which also received 5 mg of alpha-tocopherol 
weekly, was mated unsuccessfully 6 times. Twenty-nine days after 
the 7th mating a bloody vaginal discharge was observed. An opera- 
tion, which resulted in death on the following day, disclosed 4 dead 
fetuses, 28, 30, 25, and 20 mm in length. 

Guinea Pig No. 54, also receiving 5 mg of alpha-tocopherol weekly, 
became pregnant after her 5th mating. Bloody vaginal discharge 
was noted 26 or 27 days after mating, and the animal was sacrificed. 
One living fetus 15 mm in length, was found in the left uterine 
horn, and a dead fetus, partly macerated, in the right horn. 

Guinea Pig No. 46, receiving 10 mg weekly, became pregnant 
after the first mating. It was found dead on the 47th day ; at autopsy, 


4 Kohler, G. O. Elvehjem, C. A., and Hart, E. B., J. Nutrition, 1938, 15, 445. 
5 Cannon, M. D., and Emerson, G. A., J. Nutrition, 1939, 18, 155, 
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2 well preserved fetuses, which microscopically showed subcu- 
taneous and intramuscular oedema, were present in the uterus. 

Guinea Pig No. 52, received 10 mg weekly. Sixty days after the 
first mating, it gave birth to a single healthy infant which survived 
for 53 days without becoming dystrophic, and died from traumatic 
accident. The mother was again mated; 33 days after being placed 
with the male, a bloody vaginal discharge lasting 2 days was noted. 
Probably resorption took place at this time, but the presence of a 
dead fetus was not confirmed by operation. 

Thus, in these 5 guinea pigs, the tocopherol protected the animals 
against muscular dystrophy, but the amount was not adequate to 
insure successful pregnancy. Those receiving 5 mg had resorption at 
about 30 days, or midway in the term of pregnancy. Of the 2 re- 
ceiving 10 mg, one gave birth to a living young, followed by re- 
sorption (initial fertility) ; the other went considerably beyond mid- 
term, dying on the 47th day. 

It will be necessary, before definitely ascribing the fetal deaths 
to vitamin E deficiency, to carry the experiments further, and to 
establish the minimal dose of alpha-tocopherol required for success- 
ful completion of pregnancy. It may be said provisionally, however, 
that on a low E diet, supplemented by lettuce and weekly doses of 5-10 
mg, resorption of the embryos does occur in a high proportion of 
cases. This amount is sufhcient to prevent muscular dystrophy. 

Examination of the dead fetuses has not given a clear explanation 
of the cause of death. Aside from oedema and early autolytic 
changes, nothing of significance was detected. Sections of the 
placenta of the living fetus of guinea pig No. 54 showed extensive 
areas of hemorrhagic and anemic necrosis; the placenta of the 
dead fetus, and that of the other fetuses, were the seat of complete 
hemorrhagic necrosis. It will be necessary to have further ob- 
servations before concluding that the placental lesions are of primary 
importance.* 


* We are greatly indebted to Dr. Shaner of the Hoffman-LaRoche Company for 
the dl-alpha-tocopherol acetate used in these experiments. 
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Relation of Cystine to Achromotrichia. 


P. L. Pavcekt anp H. M. Baum. (Introduced by W. H. Griffith.) 


From the Biological Laboratories, Anheuser-Busch, Inc., St. Louis, Mo. 


It has been shown by Mulford and Griffith’ that the cystine fur- 
nished by 18% casein as the sole source of dietary protein may be 
a limiting factor in the growth of the rat. Since cystine has been 
investigated” * * in relation to hair growth in the rat and found 
to influence the amount of hair produced, the study of the relation of 
this amino acid to nutritional achromotrichia was undertaken. 

Weanling black male rats of the Wisconsin strain between the 
ages of 18 and 23 days and weighing 40-45 g were placed on a diet 
consisting of starch (Anheuser-Busch) 62%, Labco casein 18%, 
Crisco 14%, salt mixture (Merck No. 1) 4%, and cod liver oil 
(Mead Johnson) 2%. Supplements of 25 y thiamine, 20 y ribo- 
flavin, 20 y pyridoxine, 300 y nicotinic acid and 5 mg choline* were 
fed daily to each animal. 

On the basal diet the rats became grey in 4-5 weeks and plateaued 
in weight by the 6th week. Administration of 200 y pantothenic 
acid (as calcium salt) daily to a group of 10 antmals resulted in 
marked diminution in greying. The blackening of the fur began in 
4-5 weeks after the beginning of pantothenic acid administration 
and reached a maximum intensity only after 12-14 weeks. It should 
be pointed out that the regeneration of black fur was incomplete— 
the coat being interspersed with grey resulting in a stippled effect 
much like that described by Dimick,® Williams,° and Unna.’ A group 
of 7 animals receiving daily 75 mg cystine in addition to the panto- 
thenic acid supplement reached the same final stage of the regenera- 
tion in but 5-7 weeks. In this instance the first darkening of the 
fur appeared in 3-4 weeks. It was interesting that during these 
first few weeks the rats receiving only pantothenic acid exhibited 


t Present address: St. Louis University School of Medicine, St. Louis, Missouri. 
1 Mulford, D. J., and Griffith, W. H., Abstracts 101st Meeting of A.CS., 
Louis, Mo., April 7-11, 1941. 

2 Lightbody, H. D., and Lewis, H. B., J. Biol. Chem., 1929, 82, 485. 

3 Beadles, J. R., Braman, W. W., and Mitchell, H. H., Ibid., 1930, 88, 623. 

4 Smuts, D. B., Mitchell, H. H., and Hamilton, T. S., [bid., 1932, 95, 283. 

* Increased to 20 mg in the added cystine groups. 

5 Dimick, M. K., and Lepp, A., J. Nutrition, 1940, 20, 413. 

6 Williams, R. R., Science, 1940, 92, 561. 

7 Unna, K., and Sampson, W. L., Proc. Soc. Exp. Bron. AND Muzp., 1940, 45, 309. 
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intensification of the greying, whereas the group receiving cystine 
in addition did not show this phenomenon. The third group of 4 
animals on cystine alone became increasingly grey. 

The responses in growth on the various supplements is illus- 
trated graphically in Fig. 1. It is evident that the rats receiving 
both pantothenic acid and cystine grew faster than those on panto- 
thenic acid alone. During the first 5 weeks the former group 
averaged almost 4 g per week more than the latter. Even after the 
animals had been on the supplements for 14 weeks, the cystine- 
pantothenic acid animals were over 20 g heavier than those receiving 
only pantothenic acid. 

Summary. From the above data it appears that on an 18% 
casein diet, the supplementation of 75 mg of cystine in addition to 
200 y of pantothenic acid per rat per day markedly decreases the 
time required for the replacement of the grey hair of nutritional 
achromotrichia. Since better growth results when this amount of 
cystine is administered, the findings of Mulford and Griffith’ that 
18% casein diets do not furnish enough cystine for maximum 
growth of the rat, are substantiated. 


The authors wish to acknowledge the technical assistance of Mr. 
Alois E. Rempe in this work. 
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Influence of Sex on the Evolution of a Transplantable Mouse 
Sarcoma.* 


Lupwik Gross. (Introduced by H. Goldblatt. ) 


From the Institute for Medical Research, Christ Hospital, Cincinnati, Ohio. 


While the relation between sex and the development of certain 
spontaneous tumors in mice has been established definitely, there is 
no convincing evidence of the influence of sex on the evolution of 
implanted tumors. This report concerns observations which show 
that under certain specific conditions there is a distinct difference in 
the behavior of a transplantable sarcoma in male and female mice. 

The possibility that a transplantable sarcoma behaves differently 
in male than in female mice was suggested by our recent experiments 
performed in this laboratory in which small doses of sarcoma S-37 
were injected intradermally. In a small series of animals it was 
observed incidentally that the occurrence of takes, as well as the 
mortality rate due to the tumor growth, was higher in males than 
in females. More detailed experiments were undertaken to deter- 
mine whether this observation could be substantiated in systematic 
studies. 

Experimental. Material and Methods. Tumor: The transplant- 
able mouse sarcoma S-37' was used in our experiments. A subcu- 
taneous tumor, 10 to 14 days old, free from necrotic material, was 
removed aseptically, weighed, and placed in a sterile mortar. The 
tumor tissue was cut into small pieces with scissors and then ground 
thoroughly in a mortar, 0.85% solution of sodium chloride being 
added to obtain suspensions which varied from 1 to 30%. After 5 to 
10 minutes of grinding, the suspension was passed through a fine, 
56 to 60 mesh screen having wires 0.01 of an inch in diameter. 

Inoculation: 0.02 to 0.04 cc, and occasionally more of this cell 
suspension was injected intradermally into the freshly shaved skin 
in the middle of the back of the mouse, a tuberculin syringe and 
27-gauge needle being used for the injection. A small wheal 
appeared in the skin following each inoculation. Intradermal inoc- 
ulations were employed exclusively, because our previous studies with 


* Aided by a grant from Mrs. Francis F. Prentiss. 
+ We are indebted to Dr. H. B. Andervont, National Cancer Institute, Bethesda, 


Maryland, for this tumor strain. 
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Besredka’* showed that the resistance of the mouse to tumor im- 
plantation can be demonstrated much better following intradermal 
inoculation than following inoculation by other routes—an observa- 
tion which has been confirmed by Andervont.° 

Several successive series of experiments were performed. In 
each, groups of male and female mice were injected intradermally 
with equal amounts of the same tumor-cell suspension. Adult, 
white mice weighing 18 to 24 g, all of the same stock strain, were 
used. 

Results. Incidence of Takes: Within 5 to 15 days, in most 
cases, however, within the first week following inoculation, small 
spherical growths (microscopically typical sarcomata) appeared in 
the skin of the mice. Table I shows that the incidence of takes 
was substantially higher in males than in females, when diluted 
tumor-cell suspensions were inoculated. 

This difference in the resistance of the males and females toward 

TABLE I. 


Incidence of ‘‘Takes’’ Using Small Doses of Mouse Sarcoma S-37. 


Tumor suspension 


r — No. of No. of 

Exp. No. % cone. c¢ inject. Sex mice ‘¢takes’’ % ‘‘takes’? 

1 a .03-.04 3 18 5 28 

Q 20 2 10 

2 2.5 -02-.03 & 20 5 25 

Q 20 i! 5 

3 bs) .03-.04 a 13 8 61 

° 15s @ 47 

4 5 .02-.03 a 18 11 61 

fe) 20 5 25 

5 5 .02-.03 a Lif 16 94 

fe) 21. 12 57 

6 5 03-.04 A 10 4 40 

9) 9 0 0 

7 10 .03-.04 a 14 14 100 

fe) 14 DS) 36 

8 10 .03-.04 a 13 alee 85 

fe) 18 10 56 

9 10 .02-.03 a 21 20 95 

Q 18 18 100 

10 10 .02-.03 a 20 12 60 

fe) 20 9 45 

11 15) .03-.04 } 18 iby 95 

fe) 16 13 81 

Total: Exp. 1 to 11 males 182 123 68 

females 191 82 43 


1 Besredka, A., and Gross, L., Compt. rend. Acad. d. sc., 1935, 200, 175. 
* Besredka, A., and Gross, L., Compt. rend. Acad. d. sc., 1935, 200, 790. 
3 Besredka, A., and Gross, L., Ann. Inst. Pasteur, 1935, 55, 402. 

4 Besredka, A., and Gross, L., Ann. Inst. Pasteur, 1935, 55, 491. 

5 Andervont, H. B., Pub. Health Rep., 1937, 52, 1885. 
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TABLE II. 
Incidence of ‘‘Takes’’ Using Medium and Large Doses of Mouse Sarcoma 8-37. 
ool 


Tumor suspension 


-—_ No. of No. of 

Exp. No. % cone. ee inject. Sex mice “‘takes’’ % ‘‘takes’’ 
12 20 .03-.04 3 13 13 100 
Q 15 15 100 
13 20 .03-.04 $ ila 11 100 
Q 15 13 87 
14 20 .03-.04 3 9 9 100 
Q 9 9 100 
15 20 .02-.03 3 20 20 100 
Q 21 21 100 
16a 20 02-.03 3 20 20 100 
2 22 21 96 
16b 30 10 3 13 13 100 
Q 13 13 100 
ile 25 20 $ 18 18 100 
Q 18 18 100 
Total: Exp. 12 to 17 males 104 104 100 
females 113 110 98 


intradermal implantation of this tumor was discernible only when 
the more dilute suspensions of tumor cells were inoculated. As is 
shown in Table II, there was practically no difference in the incidence 
of takes in males and females when the more concentrated suspensions 
were inoculated. 

Incidence of Spontaneous Regression: The cutaneous tumors 
produced by intradermal inoculation increased rapidly in_ size. 
Usually within 10 to 12 days after inoculation they became red and 
shiny. At that time they measured 6 to 9 mm in diameter, except 
when massive doses were inoculated, in which instance the tumors 
were larger. 

In some instances these cutaneous tumors continued to increase in 
size and finally killed their hosts within 28 to 80 days following 
inoculation. The average survival time of the male animals was 
shorter than that of the females. 

In other instances, as has been observed previously,** the tumors 
disappeared spontaneously within 15 to 30 days following inocula- 
tion. The incidence of spontaneous disappearance of these tumors 
was substantially higher in females than in males in all series where 
either small or medium-sized doses of tumor-cell suspensions were 
inoculated (Table II1). However, this difference in the incidence 
of tumor regression in males and females was less striking when 
very large doses of tumor-cell suspensions were inoculated. This is 
shown in Experiment 17, and especially in Experiment 16, Table ITI, 
in which one group of male and female mice received 0.02 to 0.03 cc 
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of a 20% cell suspension and another group received 0.10 cc of a 
30% suspension of the same tumor. In the first group, the inci- 
dence of spontaneous tumor regression was 65% in females as com- 
pared with 12% in males. In the second group, in which large doses 
were inoculated, the incidence of regression was 23% and 8% for the 
females and males, respectively. 


Summary. Experiments reported in this paper suggest that 
female mice are more resistant than males to an intradermal im- 
plantation of a small dose of a mouse sarcoma, as evidenced by the 
smaller incidence of takes and greater incidence of regression in the 
female animals. 


TABLE III. 
Incidence of Spontaneous Regression. 
Tumor suspension No.of No. of mice 
Z — mice with tumors % 
Exp. No. % cone. e¢ inject. Sex tumors* regressed regression 
1 1 .03-.04 g 5 2 40 
fe) 2 1 50 
3 5 .03-.04 ps 4 1 25 
9 6 5 83 
4 5 .02-.08 a 11 1 9 
Q 3 1 33 
5 5 .02-.03 4 16 2 12 
Q 12 7 58 
7 10 .03-.04 3 14 3 21 
a 5 4 80 
8 10 .03-.04 é 10 3 30 
9 9 5 55 
9 10 .02-.03 3 20 4 20 
Q 17 9 53 
10 10 -02-.03 A 12 1 8 
fe} 9 3 33 
11 15 03-.04 3 17 3 18 
fe) 1 5 45 
12 20 .03-.04 é ital al 9 
Q 15 6 40 
13 20 .03-.04 a 11 1 9 
re) 13 5 38 
14 20 .03-.04 A 8 2 25 
fo} 8 6 75 
15 20 02-.03 a 20 2 10 
fe) 21 11 52 
16a 20 .02-.03 a 17 2 12 
2 20 13 65 
16b 30 10 3g 13 Jt 8 
9 13 3 23 
v7 25 .20 4 18 2 11 
Q 18 5 28 
Total of all except 16b and 17: males 176 28 16 
females 151 81 54 


*The numbers of mice in some of the experiments in this table are smaller than 
those reported in the corresponding experiments in Tables I and II, because some 
of the mice reported in Tables I and II were sacrificed for microscopic studies of 
the produced tumors and therefore eliminated from further observation. 
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Birefringence and Contractile Power of Muscles During 
Atrophy Due to Upper Neurone Lesions or Tenotomy. 


ERNST FISCHER. 


From the Department of Physiology and Pharmacology, Medical College of 
Virginia, Richmond. 


In a recent paper Solandt and Magladery* reported that rat 
muscles deprived of the upper motor neurone control, atrophy to 
about half of their original weight during the first 2 weeks, but 
that thereafter the spastic muscles regain weight to a considerable 
extent. About 1% years ago, I made similar observations when 
trying to determine during muscular atrophy due to section of the 
upper neurones or to tenotomy, the relation between birefringence 
and contractile power (direct stimulation with currents of optimal 
frequency and duration). The cumbersome method of the deter- 
mination of birefringence restricted my experience 'to a very limited 
number of rats, and, since the secondary gain in weight of the 
spastic muscles threw some doubt upon the completeness of the 
elimination of the upper neurone control, I did not publish my re- 
sults. Since the correctness of this secondary weight gain has 
been confirmed now on much more material with sufficient controls, 
my results concerning the contractile power during atrophy due to 
upper neurone lesions have gained in significance. The methods em- 
ployed were those reported for the investigation of the atrophy of 
denervated rat gastrocnemius-soleus muscles.” The elimination of 
the upper motor neurone control was accomplished either by semi- 
section of the spinal cord in the region of the fifth or sixth vertebra 
or by total section of the cord at this level. In the latter case, the 
sciatic nerve of the opposite side was resected simultaneously in 
order to enable a direct comparison between upper neurone and final 
neurone atrophy. In the experiments with atrophy due to tenotomy, 
the os calcts was clipped off and sutured to the skin.* The tables of 
this paper contain for comparison purposes some of the data found 
for denervation atrophy and previously published.* Table I gives 
the data for atrophies of 9 to 10 days’ duration. For all 3 types of 
atrophy, there exists no diminution in contractile power per weight 
unit and no diminution in birefringence, despite the fact that the 


1 Solandt, D. Y., and Magladery, J. W., Proc. Am. Physiol. Soc., 1941, p. 268. 
2 Fischer, E., Am. J. Physiol., 1940, 131, 156. 
3 Hines, H. N., and Knowlton, G. C., Am. J. Physiol., 1940, 128, 97. 
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TABLE I. 
Comparison of Left Muscle with Right Muscle of the Same Rat. 
Gram 
tension Total 
perg birefringence 
Wet wt Tension wet wt 9 ——— 
Days So Left 
Exper. after Right Left Right Left Leftin% Right in% 
procedure operation g g g g ofright 10-3 of right 
Left hemisection 9 1.465 1.058 1550 1100 98.6 2.37 102.7 
spinal cord 10 2.466 1.803 2250 1700 103.6 2.54 101.3 


Total section spinal 10 IES (ene eOoG 1850 1600 98.3 2.58 97.3 
cord and left 10 2.080 1.635 2050 1650 # 100.6 2.23 99.6 
sciatic nerve 


Tenotomy of left 9 2.661 2.132 2300 1850 100.7 2.35 98.5 
Achilles tendon 10 2.055 1.403 2150 1550 105.2 2.43 101.3 


Section of left 9 2.929 2.060 2350 1800 109.1 2.26 101.8 
sciatic nerve 10 LOT 109 2350 1350 104.2 2.61 97.6 


atrophy as manifested by weight loss is distinct. This weight 
diminution is larger for denervation atrophy than for upper neurone 
atrophy, while tenotomy results in a weight loss as considerable as 
that by denervation. The results obtained 21 to 35 days after oper- 
ation are given in Table I]. The weight losses have become more 
distinct for denervation and tenotomy atrophy, while in the experi- 
ments with upper neurone lesions there is apparently a regain of 


TABLE II. 
Comparison of Left Muscle with Right Muscle of the Same Rat. 
Gram 
tension Total 

perg _ birefringence 

Wet wt Tension wet wt 9 —————_ 

Days § ————— ——— Left 

Exper. after Right Left Right Left Leftin % Right in% 
procedure operation g g g g ofright 10-3 of right 
Left hemisection 21 2.432 1.882 2300 1750 98.4 2.33 98.3 
spinal cord 28 1.769 1.385 2150 1650 98.3 2.41 100.2 


35 2.226 1.913 1950 1700 101.5 2.38 97.0 


Total section spinal 27 1.922 1.198 1950 850 70.1 2.35 62.3 
cord and left 32 2.045 0.868 2050 600 68.8 2.61 58.7 
sciatic nerve 34 1.783 0.675 1950 500 67.7 2.46 68.4 


Tenotomy of left 23 1.933 1.035 1850 1000 96.5 2.21 96.5 
Achilles tendon 28 2.567 1.223 2350 1150 102.8 2.38 98.3 
32 2.278 1.185 2250 1100 98.7 2.45 98.7 


Section of left 23 2.056 0.804 2100 550 67.0 2.43 71.3 
sciatic nerve 29 1.906 0.621 2150 500 70.5 2.47 67.0 
33 1.793 0.561 1850 350 59.9 2.34 63.3 
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weight. Only in the case of denervation atrophy, the contractile 
power per weight unit shows a diminution, and this loss in power 
corresponds roughly to the simultaneously observed diminution in 
birefringence. This parallelism between contractile power per weight 
unit and birefringence can serve as a further indication that the sub- 
microscopic crystalline structure of the muscle is essential for the 
contractile mechanism. 

Summary, Although in muscular atrophy, either due to final or 
upper neurone lesions, or due to tenotomy, there is a distinct weight 
loss after 9 to 10 days, the muscles have at that time still the same 
contractile power per weight unit and the same birefringence as 
normal muscles. But 3 to 5 weeks after onset of the atrophy, only 
muscles atrophying due to upper neurone lesions or to tenotomy 
have still the contractile power per weight unit and the birefringence 
of normal muscle. However, for denervated muscle, contractile 
power and birefringence are distinctly diminished at that time. Only 
in the latter type of atrophy does the submicroscopic crystalline struc- 
ture, so essential for the contraction process, become seriously im- 
paired. 
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Excretion of Pregnandiol in Women with Virilism. 


UDALL J. SALMON, SAMUEL H. GEIST AND A. AUSTIN SALMON, 
From the Laboratories, Mount Sinai Hospital, New York City. 


Butler and Marrian’ in reporting the isolation of a steroid com- 
pound pregnane-3-17-20-triol, from the urine of 2 women with 
virilism caused by “enlarged adrenals,” also noted the presence of 
“appreciable amounts of pregnandiol.” Venning, Weil and Browne’ 
later reported the finding of considerable amounts of sodium preg- 
nandiol glucuronidate (12 mg to 30 mg per day) in 2 cases of 
virilism, one of which was subsequently found to have an adrenal 
cortex carcinoma and, the other, adrenal cortex hyperplasia. 

During the past 2 years, we have been performing pregnandiol 
excretion studies in women with the arrhenomimetic (virilism) syn- 
drome. In the present communication, we wish to report the results 
of these studies. 


1 Butler, G. C., and Marrian, G. F., J. Biol. Chem., 1937, 119, 565; Nature, 
1938, 142, 400. 

2 Venning, E. H., Weil, P. G., and Browne, J. 8. L., J. Biol. Chem., Scien. Proc., 
1939, 128, CVII. 
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Methods and Materials. A total of 7 cases was studied. These 
consisted of 2 cases proven by operation to be adrenal cortex car- 
cinomas and 5 cases of amenorrhea and hypertrichosis of undeter- 
mined etiology. Sodium pregnandiol glucuronidate determinations* 
were performed on single 24-, 48-, or 72-hour specimens, for periods 
varying from 6 to 32 days. 

Results. Pregnandiol Excretion in Patients with Adrenal Cortex 
Carcinoma, In the 2 patients in whom adrenal cortex carcinomas 
were found, the pregnandiol excretion varied in one from 9 to 20 mg 
per day and, in the other, from 12 to 18 mg per day. In one patient 
(1.E.), in whom it was possible to obtain post-operative urines, 
these were found to contain no detectable amount of pregnandiol 
after removal of the tumor. 

Pregnandiol Excretion im Patients with Arrhenomimetic Syn- 
drome (without adrenal cortex carcinoma). In the 5 cases in this 
group, X-rays of the adrenals after intravenous pyelogram and 
peri-renal insufflation failed to reveal any evidence of adrenal tumor 
or enlargement. Two of these (E.W. and T.S.) were explored sur- 
gically without revealing any evidence of adrenal neoplasm. In all of 
these, no pregnandiol was found in the urine. 

Discussion. The 5 cases of virilism who did not excrete pregnan- 
diol have been under observation for periods varying from 6 months 
to 3 years, without any clinical manifestations suggesting adrenal, 
ovarian or pituitary neoplasm. On the basis of the stationary clin- 
ical picture in these cases, it seems justifiable to assume that the 
syndrome is not due to a neoplasm but rather to a functional dis- 
turbance involving the adrenal cortex. 

In contrast to these, the 2 cases with proven adrenal cortex car- 

cinoma had consistently high pregnandiol excretion. Comparable 
amounts of pregnandiol are found only in pregnancy or during the 
corpus luteum phase of a normal menstrual cycle. Furthermore, in 
one patient in whom studies were performed after removal of the 
tumor, the pregnandiol disappeared from the urine. 
It appears from these studies that the excretion of pregnandiol 
in appreciable amounts (9 to 20 mg daily) in women with the virilism 
syndrome, in the absence of pregnancy, indicates hyperactivity of 
the adrenal cortex which could be due to hyperplasia or carcinoma of 
the adrenal cortex, The excretion of pregnandiol may be of diag- 
nostic value to differentiate virilism caused by adrenal cortex hyper- 
plasia or neoplasia from other types. 


8 Venning, E. H., J. Biol. Chem., 1937, 119, 473. 
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Serum Protein Regeneration Following Use of Amino Acids* 
in Nephritis (Nephrotic Stage). 


WILLIAM J. MESSINGER. (Introduced by J. Murray Steele.) 


From the Third (New York University) Medical Division of Welfare Hospital, 
Welfare Island, New York. 


During the past few years the effect of administration of solutions 
of amino acids upon the regeneration of serum proteins in hypopro- 
teinemic individuals has been studied in a variety of cases.” * * That 
amino acid solutions can maintain nitrogen balance is clear* but 
that regeneration of serum proteins follows their use is uncertain. In 
hypoproteinemia associated with the “nephrotic stage’ of chronic 
nephritis, evidence for the regeneration of serum proteins following 
the use of amino acids is lacking. 

Among a number of individuals with hypoproteinemia to whom 
intravenous amino acids were administered at this hospital, there 
were 2, exhibiting edema, albuminuria and elevation of blood choles- 
terol, in the “nephrotic stage” of chronic nephritis. 

Procedure. Both patients were placed upon a 120 g protein diet, 
low in fat for 2 or more weeks before observations were begun. 
They were weighed daily. In the first case the period prior to 
administration of amino acids lasted 7 days, and in the second, 12. 
Total urinary nitrogen, serum proteins, and occasionally fecal nitro- 
gen were determined by the micro-kjeldahl method. 

Both cases had been followed closely for more than a year prior to 
the present studies. Despite high protein diets and frequent admin- 
istration of large amounts of iron, the protein levels of the serum and 
the degree of anemia did not exceed the limits given (Table 1). The 
first case was known to have suffered from nephritis for 5 years and 
to have exhibited the so-called “nephrotic stage’ for 3. In the 
second case, the onset of nephritis is unknown, but marked albu- 


* We are indebted to Frederick Stearns & Co. for a generous supply of amino 
acid solutions made by enzymatic hydrolysis of casein, approximately 80% com- 
plete. The amino acids in the hydrolysate were said to be present in the same 
concentration as in native casein. 

1 Elman, Robert, and Weiner, D. O., J. A. M. A., 1939, 112, 796. 

2 Elman, Robert, Ann. Surg., 1940, 112, 4. 

3 Ravdin, I. S., Stengel, Alfred, Jr., and Prushankin, Mitchell, J. A. M. A., 
1940, 114, 107. 

4Shohl, Alfred T., Butler, Allan M., Blackfan, Kenneth D., and MacLachlan, 
Elsie, J. Pediat., 1939, 15, 469. 
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TABLE I. 
Comparison of Data in Two Cases of Chronic Nephritis in ‘‘Nephrotic Stage.’’ 


Case I Case II 


Age and sex 24,female 40, male 


140 160 130 160 
Blood pressure (range), mm Hg ————— sae eee 
96 110 94 104 


Urea clearance, % normal 30 28 
Maximal specific gravity of urine 1.012 1.013 
Albumin, g/24 hr in urine 7-10 6-12 
Serum protein, g % 3.9-4.8 4.0-4.8 
Serum cholesterol, mg% 400-1000 450-600 
Hemoglobin (Sahli), g/100 ce 9-11 11 

Red blood corpuscles, miijlions/mm? 2.75 2.75 


minuria has been present for at least 2 years. Edema has always 
been much more marked in the first case. 

In Case I 500 ce of a solution of 5% amino acids and 5% glucose 
were injected intravenously daily for 14 days. The injections were 
given slowly during a period of 3 hours. Increase in level of serum 
proteins did not occur (Fig. 1). 

In the second case, daily intravenous injections of 180 cc of 20% 
solution of amino acids diluted with an equal quantity of distilled 
water were given for 14 days. Three hours were allowed for each 


q 14 21 28 56 
Days 
Fig. 1. 

The level of serum proteins and urinary nitrogen output are shown before, 
during and after administration of amino acids (Case I). The urinary nitrogen 
is shown in blocks representing the amount in grams during one 24-hour period. 
The cross-hatched area indicates the period during which 500 ec of 5% amino acid 
solution was injected daily. The figures beneath the graph of the serum proteins 


represent the amounts of albumin (A) and globulin (G). Change in level of 
proteins did not oceur. 
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injection. After the series of injections was completed, a small but 
definite rise in serum proteins took place. The level continued to 
rise and reached a peak of 5.5% 36 days later. The increase oc- 
curred chiefly in the albumin fraction. During the next 3 months, 
the serum proteins fell slowly to the previous level. Four months 
later the subject was restudied under the same conditions. On this 
occasion, larger amounts, 300 cc of 15% solution of amino acids, 
were given daily for 16 days in 2 injections each lasting 3 hours. 
Untoward reactions have not been noticed following injections in the 
amounts used so far. During the first week of administration a 
perceptible rise in plasma proteins was noticed (Fig. 2). The level 
continued to rise and a peak of 5.9% was reached 12 days following 
cessation of therapy. The increase in serum protein again took place 
in the albumin fraction. An effort is now being made to maintain 
this level by oral administration. 

Both weight curves remained fairly constant and although blood 
volumes were not measured, it seems unlikely that they changed 
materially since the hematocrit figures remained relatively constant. 
Throughout there was no alteration in output of nitrogen derived 
from urinary albumin. The entire diet was regularly consumed by 
the first subject but irregularities due mainly to morphine addiction 
occurred in the second. 

Discussion. Although it was impossible to carry out total nitro- 
gen balance studies, we have calculated from the approximate nitro- 
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The level of serum proteins and urinary nitrogen output are shown before, 
during and after administration of amino acids (Case II). The urinary nitrogen 
is in blocks representing the amount in grams during two 24-hour periods. The 
cross-hatched areas indicate the periods during which amino acid solutions were 
given. During the first period, 180 cc of a 20% amino acid solution were given; 
during the second, 300 ce of 15% solution. *During this 2-day period, administra- 
tion of amino acids was omitted. Note sharp drop in urinary nitrogen. 


284 Clostridium welchi Toxin 


gen intake, and from the output of nitrogen in the urine, that 
probably less than 5% of the amino acids were retained, except per- 
haps during the first few days of administration. It seems clear 
that in the second case, the intravenous administration of amino 
acids initiated regeneration of plasma protein. Evidently sufficient 
amounts were retained to form new plasma protein. [Farr and Mac- 
Fadyen’ have shown in careful nitrogen balance studies that nephrotic 
children are able to utilize intravenously administered amino acids 
but do not build plasma proteins. According to Whipple’s® con- 
cept of protein storage, it is likely that the amino acids replenish 
depleted protein stores. 

Conclusion. In one of 2 hypoproteinemic individuals exhibiting 
the ‘nephrotic stage’ of chronic nephritis, intravenous administra- 
tion of amino acids was, on two occasions, followed by a well marked 
rise in the level of the serum proteins. The rise occurred in the 
albumin fraction. The other subject failed to respond. 
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Production of Cl. welchii Toxin in Peptone-free Medium. 


Joseru T. TAMuURA,* ALFRED A. TYTELL, Mitrorp J. Boyp* Ann 
Mian A. Locan. (Introduced by A. B. Hastings.) 


From the Departments of Bacteriology and Biological Chemistry, College of 
Medicine, University of Cincinnati.t 


Clostridium welch is customarily cultivated in glucose-peptone 
beef-infusion broth for toxin production. Many workers have 
found highly variable yields of toxin, which is usually due to the 
variation in different lots of peptone. Reed and his coworkers? have 
grown various strains of Clostridia in a medium consisting of 5% 
gelatin and 1% peptone with maximal hemotoxin production by 


5 Farr, Lee E., and MacFadyen, Douglas A., Proc. Soc. Exp. Brou. AND MEp., 
1939, 42, 444. 


6 Whipple, George H., Am. J. Med. Sc., 1938, 196, 609. 


* Two members are indebted to the Craig Yeiser Fund for support during this 
work. 


+ This research was supported in part by a grant from the National Research 
Council, Division of Medical Sciences. 


1 Reed, G. B., Orr, J. H., and Baker, Mary C., Proc. Soc. Exp. Bron. AND MEp., 
1939, 42, 620. 
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Cl. welchii ranging from 1:1000 to 1:4000 dilutions which hemo- 
lyzed 50% of a 2% suspension of rabbit’s red blood cells. Recently 
Gladstone and Fildes* have reported successful cultivation of various 
Clostridia in C.C.Y. media (casein acid-hydrolysate, casein tryptic- 
digest, yeast extract) without reference to toxin-production. 

The writers have undertaken a study of the nutritional require- 
ments and toxin-production of Cl. welchii in a simplified medium 
with the object of producing consistent yields of toxin. The basal 
medium consists of : 


MgSO, 0.02 g 
Na, HPO, . 12H,0 5.76 ”’ 
KH5PO, 0.24 ’’ 
l-tryptophane Ono?” 
Casein acid-hydrolysate 0.28% total N 1000 ml 


pH adjusted to 7.9; autoclaved at 10 lb for 10 min. 

After autoclaving, glucosamine hydrochloride and glucose were 
added to give a final concentration of 0.1% and 0.2% 
respectively. 

Casein acid-hydrolysate was prepared according to the method 
employed by Mueller and his coworkers.” * As expected, the basal 
medium alone did not support the growth of Cl. welchti. The U.S. 
Public Health strain of Cl. welchit SR12 was used throughout the 
experiments. 

Growth was successtully obtained by addition to the medium of 
0.1% liver extract.» Equally good growth was obtained by sub- 
stituting pantothenic and pimelic acids for the liver-extract (Table 
I). Addition of riboflavin and nicotinic acid was found necessary 
for toxin-production (Table [). 

After 5 or 6 passages through pigeons the organisms were cul- 
tured in glucose beef-infusion broth for 5 hours or less. Bacterial 
cells were transferred into a sterile tube, centrifuged and washed with 
sterile saline twice before inoculation into the medium for toxin 
production. Unless otherwise stated the cultures were incubated at 
37°C for 17 hours. There was sufficient buffer in the medium to 
prevent a fall in pH to less than 6.1 to 6.2 in 17 to 22 hours’ culti- 
vation. Although small amounts of liver-extract (0.01 to 0.05% ) 
gave satisfactory growth, more uniform toxin-production followed 
the addition of 0.1% liver-extract to the medium. 

Toxins have so far been produced in batches of media not ex- 


2 Gladstone, G. P., and Fildes, P., Brit. J. Exp. Path., 1940, 21, 161. 

3 Mueller, J. H., J. Immunol., 1939, 37, 103. 

4 Mueller, J. H., and Johnson, E. R., J. Immunol., 1941, 40, 33. 

t Mother-liquor from the alcohol-precipitation of crude liver-extracts. One g 
of the extract equals 300 g of fresh liver. 
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ceeding 40 ml in volume. To avoid loss of toxin through adsorp- 
tion by filtration, the cultures were centrifuged at 4000 rpm for one 
hour and the supernates carefully pipetted off. The toxins were 
tested in mice weighing 17 to 22 g, and in pigeons of 275 to 300 g; 
50% hemolysis of a 2% suspension of rabbit's red blood-cells in the 
highest dilution was taken as the titer of hemotoxin. 

Since almost all the iron had first been removed from the casein 
acid-hydrolysate, various concentrations of FeSO, were added to 
the medium. The optimal concentration for consistent production 
of toxin was found to be 0.20 to 0.25 mg Fe per liter. A definite 
amount of iron in the media has previously been found necessary 
for production of diphtheric toxin by Pappenheimer and Johnson.’ 
Variation in the phosphate content of the medium greatly influenced 
morphology, growth, and toxin-production. When the phosphate 
content of the final medium was increased from 0.56 to 1.11 mg 
P/ml the organisms became coccoid in form, and growth and toxin- 
production decreased. 

Quantitative estimates of growth were made by determinations of 
bacterial nitrogen in twice-washed packed cells from given volumes 
of culture. These values are recorded in Table I. 


TABLE I. 
Representative Growth and Toxin-production of Cl. welchii in Peptone-free 
medium. 
Hemotoxin 
titration 
Accessory 50% 
factors. hemolysis M.L.D. for 
Liver of 2% M.L.D. for pigeon 
Basal extract, Final Bacterial N, rabbit, mouse, per 100 g, 
medium* % pH mg/40 ml Pesce ml m 

il all 6.2 1:20000 05 

2 al! 6.2 2.3 1:10240 all .03 

3 2 6.1 2.4 1:20480 sil 05 

4 2 6.2 2.3 1:10240 oll .05 

5t 2 6.4 2.1 1:10240 iL -06 

6t all 6.6 2.0 1:10240 08 

i t 6.3 2.0 1:640 none none 

8 § 6.2 2.3 1:12800 all 08 

Peptone beef-infusion 5.2 

broth with 0.25% to 2.9 1:5120 al 08 


glucose 5.7 


*Formula is given in the text. 

tNaoHPO, - 12H,O, 12.6 g, KHoPOy,, 0.4 g per liter. 

tCalcium d-pantothenate and pimelic acid, 2yug/ml. 

§Calcium d-pantothenate and pimelic acid, 2ug/ml, nicotinie acid, 5 
riboflavin, 0.2 ng/ml. Tien Baki ay 


5 Pappenheimer, A. M., Jy., and Johnson, 8. J., Brit. J. Eap. Path., 1936, 
17, 335. 
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Summary and Conclusions. Cl. welchit was grown in a medium 
free from peptone or other substances of large molecular weight. 
Toxins were consistently produced which were equal to or more 
potent than those produced in glucose peptone beef infusion broth. 
The pH of the culture media did not fall below 6.0. This may in part 
be responsible for the higher potency of toxin obtained in this 
medium. The basal medium alone did not support growth; when 
it was supplemented with pantothenic acid, pimelic acid, nicotinic 
acid, riboflavin, or liver-extract, there was a marked increase of 
growth and toxin-production. 

The fact that the highest bacterial-nitrogen value was obtained 
in glucose-peptone beef-infusion broth, appears to indicate that the 
casein hydrolysate still lacks one or more chemical ingredients re- 
quired for maximal growth. 

The work is being continued in an effort to identify a chemically 
defined medium for maximal growth and consistent toxin produc- 
tion by Cl. welchit. 

The authors are indebted to Merck and Company for generous quantities of 


the known accessory growth-factors and to Dr. Y. Subbarow of Lederle Labora- 
tories, Inc., for the liver-extract. 
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Retention of Radiophosphorus in Whole and Aliquot Portions of 
Tissues of Patient Dead of Leukemia. 


EMA RE 2 Introduced by J. HH: Lawrence; ) 


From the Crocker Radiation Laboratory, University of Califorma, Berkeley. 


This note presents the radioactive phosphorus (P*’) and the non- 
radioactive phosphorus (P*) content of tissues obtained from a 
patient dead of chronic lymphoid leukemia, who had received 
orally 19 days before death a single administration of a sodium 
phosphate solution, containing radio-phosphorus, which emitted 
20 millicuries of beta radiation on the day of administration." 

Materials and Methods. The radio-phosphorus was produced 
by the Berkeley cyclotron.” The patient was a 65-year-old carpenter 


* Wm. R. Kenan, Jr., Fellow. 

1 Lawrence, J. H., Scott, K. G., and Tuttle, L. W., New International Clinies, 
1939, 3, 33. 

2 Lawrence, EH. O., and Cooksey, D., Phys. Rev., 1936, 50, 1131. 
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TABLE I. 


———— 
Aliquot 
Whole samples of 
organs Mg of P31 whole 
Total wet wc/g. per g. uc/mg organs 
wt.ing. wetwt. wet wt. P31 e/g. wet wt. 
(1) (2) (3) (4) (5) 
1. Aorta 122.0 -03 1.25 0.18 .02 
Bladder 
2. Gall bladder 14.2 02 0.39 05 .03 
3. Urinary bladder 86.5 02 0.38 04 .02 
Bone 
4. Calverium 55.5 .02 87.1 .0002 01 
5. Femur diaphysis 192.5 04 92.8 0004 01 
6. Femur epiphysis 441.9 04 44.4 .0007 -02 
fe Ribs (12) 142.0 .09 46.1 .0016 16 
8. Tibial diaphysis 123.9 .03 89.5 0003 02 
93 Sternum EO -08 UD 0033 12 
LO; Vertebral bodies 
(thoracie and lumbar) 84.3 .09 20.8 .0038 08 
Brain 
sak Cerebellum 175.0 .03 2.72 0093 -03 
12. Cerebrum 1192.0 .03 AA .013 02 
13. Colon 393.0 .03 1.46 .016 -03 
14. Cord, Spinal 18.6 .03 2.18 01 03 
15. Duodenwm 120.5 05 1.46 .028 04 
16. Fat, mesenteric 61.0 .02 0.30 041 01 
17. Eyes 17.0 02 0.51 O31 
18. Ilewm 211.0 03 0.81 .032 .03 
19. Jejunum 311.0 03 1.24 022 04 
20. Kidney 278.5 .06 1.22 .045 .05 
21. Liver 1830.0 .09 1.57 .047 .07 
22. Lung 1305.5 04 1.20 03 04 
Lymph nodes 
23. Bronchial 15.8 08 1.64 039 -06 
24, Peripheral 34.5 07 3.08 -019 .06 
Marrow 
25. Tibia, diaphyseal marrow 20.5 .03 11.48 .0025 .07 
26. Femur,epiphyseal ’’ 63.6 04 26.6 .0012 03 
27. Femur, diaphyseal ’’ 37.9 .03 11.29 0026 -03 
Muscie 
28. Diaphragm 159.0 .03 1.25 021 03 
29. Heart 403.0 .04 1.16 029 05 
30. Rectus femoris 300.5 05 USE? 022 04 
31. Tongue 74.0 .06 1.35 036 05 
32. Pancreas 113.5 02 1.22 015 03 
33. Prostate 16.3 04 3.21 011 04 
34. Skin 228.0 01 0.82 016 01 
35. Spleen 910.0 07 1.60 035 04 
36. Stomach 193.0 04 1.08 032 04 
3%. estes 16.8 06 1.67 031 05 
38. Thyroid 10.3 04 1.83 017 04 


who on August 16, 1940, complained of fatigue and headaches of 
2 weeks’ duration, and who on physical examination had an enlarged 
spleen and enlarged inguinal glands. The blood findings were: 
Hemoglobin, 37% ; r.b.c., 2,000,000; w.b.c., 125,600. 99% of the 
latter were small leukemic lymphocytes. On October 20, 1940, the 
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patient took orally 120 ce of a solution containing 3.6 g of sodium 
phosphate and emitting 20 millicuries of beta radiation. Between 
10/28/40 and 11/7/40 the patient received 2350 cc of blood without 
marked alterations in the blood findings. The patient died 11/8/40. 
Fortunately it was possible to obtain at postmortem all of the or- 
gans and one entire lower extremity. Typical gross pathological 
findings of leukemia were observed. Thirty-eight organs and tissues 
were weighed as were small aliquots (5 g approx.) of each. Then 
the whole organs and tissues and their aliquots were placed in 
separate crucibles and all ashed at 400°C. The ashes (all of which 
weighed less than 200 mg each) of the aliquots were immediately 
measured for radioactivity by use of an electrometer. The ashes of 
the whole organs and tissues were thoroughly mixed and 100 mg 
aliquots were assayed for radioactivity. Quantitative phosphorus 
analvses were made by the method of Pregl.’ 

Results. The microcuries per gram wet weight of the whole or- 
gans and tissues (Column 2) and their respective aliquots (Column 
5) and the total number of milligrams of P** per gram wet weight 
(Column 3) of the samples are listed in Table I. In 13 (Nos. 2, 3, 
8, 13, 14, 15, 16, 18, 28, 32, 34, 36, and 38) the concentrations of 
P** were quite similar in the ash of the aliquot and in the ash of the 
respective whole organ. In 7 (Nos. 4, 5, 7, 9, 19, 25, and 29) the 
concentration of P*? was greater in the ash of the aliquot while the 
opposite was true in the remaining 17 samples. Aliquot samples of 
the eyes were not taken. In Column 4 is listed the “specific radio- 
activity,’ or the microcuries per mg of P** of each tissue. 

Discussion. The variations of the P** content of the ash of the 
whole organs and their respective aliquots is probably due to the fact 
that small aliquots of organs cannot be representative samples as 
most organs are not uniform throughout in structure or function. 


3 Pregl, F., and Roth, H., Quantitative Organische Analyse, Julius Springer, 
Berlin, 1935. 
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Androgen and Spermatogenesis in the Hypophysectomized 
Guinea Pig.* 


EUGENE CUTULY. 


From Wayne University College of Medicine, Detroit, Mich. 


In a number of species spermatogenesis has been maintained after 
hypophysectomy by androgens (the rat,** the mouse,’ and the rab- 
bit®). The only report on guinea pigs is that of Scowen,’ who 
failed to maintain spermatogenesis with androsterone and _testo- 
sterone in animals hypophysectomized for 20 days. The data which 
follow are not in agreement with those of Scowen, but show that 
the tubular tissue of the testis in the hypophysectomized guinea pig 
responds to androgen as does that of the rat, mouse and rabbit. 

It should be stated that experiments on spermatogenic maintenance 
or on reéstablishment of spermatogenesis in the adult guinea pig 
must be continued for long periods to be valid. This is due to the 
fact that atrophy of the germinal epithelium after ablation of the 
pituitary is not rapid in this species. Allanson, et al.,* found sperm 
in testes of guinea pigs hypophysectomized for as long as 56 days. 
Observations on 2 untreated animals (Table I, Nos. 5 and 6) show 
that sperm may persist for as long as 66 and 84 days after removal 
of the hypophysis. Serial sections of the pituitary capsule were 
made to check completeness of the hypophysectomy. 

Four adult guinea pigs (Nos. 1, 2, 3, and 4) were hypophysec- 
tomized for periods ranging from 60 to 155 days. Daily subcu- 
taneous injections of 3 mg of testosterone propionate* were begun 


* This study was aided in part by Works Project Administration No. 665-51- 
3-225. 

1 Walsh, E. L., Cuyler, W. K., and McCullagh, D. R., Am. J. Physiol., 1934, 
107, 508. 

2 Nelson, W. O., and Gallagher, T. F., Science, 1936, 84, 230. 

3 Cutuly, E., McCullagh, D. R., and Cutuly, E. C., Am. J. Physiol., 1937, 
119, 121. 

4 Nelson, W. O., and Merckel, C. G., Proc. Soc. Exp. Biot. AND Mxp., 1937, 
36, 825. 

5 Nelson, W. O., and Merckel, C. G., Proc. Soc. Exp. Biou. AND Mrp., 1938, 
38, 737. 

6 Greep, R. O., Anat. Rec., 1939, 73 (suppl), 23. 

7Scowen, E. F., Anat. Rec., 1938, 70 (suppl), 71. 

8 Allanson, M., Hill, R. T., and McPhail, M. K., J. Exp. Biol., 1935, 12, 348. 


* Testosterone propionate was supplied by Dr. Erwin Schwenk, Schering Cor- 
poration, Bloomfield, N.J. 
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TABLE I. 
Effect of 3 mg Daily of Testosterone Propionate on the Hypophysectomized Male 
Guinea Pig. 


Autopsy wt % loss in 


Initial Body wt at —————— adrenal wt 
No. of body wt, autopsy, No. of days Testes, Adrenals, from 
animal g g hypophysectomized g g normal avg 
al 478 444 62 2.16 043 88 
2 500 616 60 1.12 102 72 
3 630 1010 127 2.76 .087 76 
4 568 920 155 2.76 064 83 
5 560 780 66 1.69 244 33 
Hypophysectomized control 
6 697 770 84 1.24 162 56 
Hypophysectomized control 
7 440 730 Sham-operated control 3.57 327 
8 = 805 Normal control 4.15 -418 
9 — 680 i sa 3.30 357 
Avg normal control wt 3.67 -367 


the day after hypophysectomy and continued until the day preceding 
autopsy. In each instance the testes weighed less than those of 
normal controls. However, except in animal No. 2 where germ 
cell preservation was not so thorough, histological differences in 
the tubules of treated and normal animals were not easily discernible. 
In the testes of the androgen-treated hypophysectomized animals 
the majority of tubules exhibited active spermatogenesis at autopsy, 
although a few were profoundly atrophied. In the untreated hypo- 
physectomized control animals, on the other hand, many tubules 
were markedly atrophic, some were degenerating, while others had 
an epithelium showing cells in all stages of gametogenesis, including 
spermatozoa. Testes of treated and untreated hypophysectomized 
pigs alike differed from normal testes in that interstitial cells were 
atrophied. At autopsy vast numbers of motile sperm were found in 
the epididymides of hypophysectomized guinea pigs injected with 
testosterone propionate, and considerable numbers were present in the 
epididymides of uninjected hypophysectomized animals. 

Two additional facts may be ascertained from the data in Table I. 
First, there was shrinkage of the adrenal glands in treated and un- 
treated hypophysectomized animals. The autopsy weights of the 
adrenals of these animals showed reductions ranging from 33 to 88% 
below the normal control average. Second, the adult hypophysec- 
tomized guinea pig, unlike the adult hypophysectomized rat, may 
gain considerably in body weight. This finding was unexpected, 
although it corroborates a similar observation made by Schweizer,” 


9 Schweizer, M., Charipper, H. A., and Kleinberg, W., Endocrinology, 1940, 
26, 979. 
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et al., who noted a weight increment in several hypophysectomized 
male pigs with unsuccessful ocular pituitary grafts.’ Moreover, 
examination of the data published by Allanson, ef al.,° indicates a 
post-operative weight gain in 3 of their hypophysectomized males, 
although no special mention was made of the fact. A possible ex- 
planation of the gain in body weight after hypophysectomy may lie 
in the fact that, shortly after the guinea pig has recovered from 
effects of the operation, it eats as voraciously as the normal animal. 
The rat, on the contrary, has a diminished food intake after hypo- 
physectomy. Thus it would appear that appreciable gain in weight in 
the guinea pig, at least, is not necessarily dependent on a growth 
factor from the pituitary. 

Summary. Spermatogenesis was maintained by subcutaneous 
injection of 3 mg daily of testosterone propionate in 4 guinea pigs 
hypophysectomized for 60 to 155 days. Tubular atrophy in the 
pig may not be complete as late as 84 days after hypophyseal ablation. 
Adrenal atrophy occurs after removal of the pituitary, but in- 
crease in body weight does not necessarily cease. 
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Acetylation of Optical Isomers of S-benzylcysteine in Rats 
and Humans. 


JAKosB A. STEKOL. 
From the Department of Chemistry, Fordham University, New York City. 


We reported the conversion of S-benzyl-l-cysteine to the corre- 
sponding acetyl derivative in the rat, rabbit, dog’ and man’ and 
suggested the possibility of the inversion of S-benzyl-d-cysteine to 
the acetylated /-derivative via Knoop’s acetylation mechanism*® which 
postulates the formation of a keto acid from the d-amino acid fol- 
lowed by the interaction of the keto acid with ammonia and pyruvic 
acid to give the J-acetyl amino acid. duVigneaud, et al.,’ reported 


t Gains in body weight have been observed to occur also in hypophysectomized 
female guinea pigs with unsuccessful ocular grafts of pituitary (Haterius, H. O., 
and Cutuly, E., unpublished data). 

1Stekol, J. A., J. Biol. Chem., 1938, 124, 129; 1939, 128, 199. 

2 Stekol, J. A., Proc. Am. Chem. Soc., 100th meeting, Detroit, Mich., 1940. 

3 Knoop, F., Z. physiol. Chem., 1910, 67, 489; Knoop, F., and Kertess, E., 
Z. physiol. Chem., 1911, 71, 252; Knoop, F., and Blanco, J. G., Z. physiol. Chem., 
1925, 146, 267. 


4du Vigneaud, V., Wood, J. L., and Irish, 0. J., J. Biol. Chem., 1939, 129, 171. 
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results which apparently indicated such an inversion of S-benzyl-d- 
cysteine in the rat. On feeding the d-isomer to rats, some /-acetyl 
derivative together with dl-acetyl benzylcysteine were isolated from 
the urine. When d-benzylcysteine was fed to rats and humans,” sig- 
nificantly smaller yields of the acetylated products could be isolated 
from the urine as compared to those obtained after the administration 
of comparable amounts of /-benzylcysteine. We drew the conclusion 
at the time’ that these findings did not conform to the postulates of 
Knoop’s acetylation theory which presupposes that if the acetylation 
of an amino acid takes place via the keto acid, then the amounts of 
the acetylated product excreted in the urine of animals which were 
fed d- or /- amino acid should be the same. Indeed, du Vigneaud and 
Irish,’ who revived Knoop’s theory, stated that “this would be ex- 
pected if the theory were correct, since both enantiomorphs should 
be deaminated to the keto acid.’’ The lower yields of the acetyl 
derivatives in the urine after the feeding of d-benzylcysteine to rats 
and man’ we later attributed® to a possible destruction of the in- 
termediate keto acid which was presumably formed from d-benzy]l- 
cysteine prior to its conversion to the acetyl derivative. 

Before accepting the acetylation mechanism of Knoop’s as valid 
for the synthesis of mercapturic acids im vivo, we felt it advisable to 
ascertain experimentally the fate of the larger portion of d-benzyl- 
cysteine when it is fed to animals, since so far only a fraction of 
the substance fed has been accounted for in the urine as the acetylated 
product. We, therefore, repeated our earlier work on the isomers 
of benzylcysteine in rats and humans’ and isolated from the urine 
the acetylated derivatives as before. In addition, however, we were 
able to isolate from the urine of rats and humans which were fed d- 
or dl-benzylcysteine, unacetylated d-benzylcysteine in 20 to 28% 
yields of the d-derivative fed. At no time comparable amounts of 
I-benzylcysteine yielded in the urine the unchanged substance, but 
only the /-acetyl derivative. Control experiments excluded the 
possibility of hydrolysis or racemization of the acetyl derivative 
during the isolations. The isolated d-benzylcysteine had a specific 
rotation of (a) =-24° for a 1% solution in 1 N NaOH. Ana- 
lytically, the substance was identical with the original d-benzyl- 
cysteine fed. 

This observation suggests that if both isomers of benzylcysteine 
are acetylated in vivo directly (which is the more likely probability ) 
then the /-isomer is acetylated im vivo to a greater extent than the 


5 du Vigneaud, V., and Irish, O. J., J. Biol. Chem., 1937-38, 122, 349. 
6 Stekol, J. A., Proc. Soc. Exp. Biou. AND MEp., 1940, 45, 693. 
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d-enantiomorph. If the acetylation is preceded by the formation of 
the corresponding keto acid from both isomers, as Knoop’s theory 
postulates, then the d-isomer is apparently less readily deaminized 
than the J-isomer. d-Benzylcysteine is undoubtedly directly acety- 
lated, as is indicated by the excretion of dl-acetylbenzylcysteine in 
the urine. We are not excluding the possibility of racemization of 
d-benzyleysteine in vivo, neither do we imply that some oxidative 
deamination of either or both isomers of benzylcysteine does not 
occur 1 vivo. 

The work is being continued and extended to benzylhomocysteine 
and phenylaminobutyric acid, particularly with reference to the possi- 
bility of racemization and preferential rate of acetylation of the op- 
tical isomers of these amino acid derivatives im vivo as contrasted 
with Knoop’s acetylation theory. 
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Some Effects of Experimental Trichinosis in the Dog.* 


Epcar H. BEAHM AND Myron N. JORGENSEN. (Introduced by 
PexGr balls) 


From the Department of Bacteriology and the Department of Biochemistry, 
Creighton University School of Medicine, Omaha, Nebraska. 


In view of the fact that encysted trichina larvae become calcified 
in the muscles of the host, it appeared desirable to determine the 
changes which occur in the blood picture of dogs suffering from ex- 
perimental trichinosis. The present report presents the results of 
cytological studies in which concurrent determinations were made 
on the level of blood calcium, hemoglobin and inorganic phosphate 
at periodic intervals before and during the period of infection. 

Methods and Technic. he 13 mature mongrel dogs, used in 
these experiments, were kept under observation for several weeks to 
determine whether or not they were suffering from any disorder. 
Each was treated with arecoline hydrobromide (Parke, Davis) to 
insure freedom of the gastro-intestinal tract of parasites. The dogs 
were kept in separate cages in a room in which the temperature 
fluctuated very little. Purina dog biscuit was supplied ad libitum. 


* The authors wish to acknowledge the assistance of John E. Krettek with the 
blood counts. 
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Blood was drawn from the jugular vein using 30 mg of potassium 
oxalate as an anticoagulant for each 5 cc sample. Samples were taken 
in the forenoon on animals which were fasted 16 hours. 

Total counts were made with a bright-line Neubauer hemacytom- 
eter. Blood smears were made on a coverslip and stained with 
Wright’s stain. Two hundred to 400 cells were tabulated, alter- 
nately, in the differential counts. Hematocrit determinations were 
made with a Wintrobe tube using 1.1 as the shrinkage correction 
factor. 

Serum calcium was determined by the Clark-Collip* modification 
of the Tisdall method. Hemoglobin and inorganic phosphate were 
determined according to the method of Van Slyke* and Kuttner- 
Lichtenstein*® respectively. All analyses were made in duplicate. 

The dogs were infected by feeding them 90 to 480 thousand 
trichina larvae contained in fresh rabbit muscle. Three of them 
were discarded during the period of infection due to poor physical 
condition. All animals were shown to be infected at autopsy. 

Results. The normal blood picture of each dog was followed for 
a period of 13 to 22 days since it appeared desirable that emphasis 
should be placed upon changes observed rather than on absolute 
values. Table I shows the results of determinations conducted on 
these animals for a period of 60 days. Normal erythrocyte values 
and differential counts fall within the range of normal values.* * ° 


TABLE ITI. 
Blood Picture in Trichina-infected Dogs. 
Control period Experimental period 
ee Bat (as ay 
Serum Inorganic Serum Inorganic 
Sex and Calciumin LHosinophils, phosphate, calcium, Eosinophils, phosphate, 
Number mg per 100 ce % mg% mg% Jo mg% 
M3 11.06-12.68 1-3 5.58-5.88 14.50-10.40 14-11 4.01-7.20 
M2 10.50-11.85 0-5 4.40-5.30 12.50- 9.60 21-10 4.06-7.30 
M1 9.50-11.60 0-3 4.50-6.00 13.00-10.60 11-7 3.69-5.20 
M4 10.60-13.20 2-10 3.90-4.80 16.50-11.00 21-24 3.30-3.80 
M9 10.30-10.90 2-4 5.75-5.88 18.70-12.00 18-8 5.30-7.40 
F5 12.30-13.80 4-5 4.85-7.20 12.60-10.50 88-15 4.40-6.98 
M7 11.06-11.88 0-8 4.58-5.13 16.13-11.10 25-8 4.04-5.65 
M10 9.81-11.17 2-7 9.76-10.52 19-8 
M12 10.44-10.96 0-3 11.28-10.83 22-4 
F13 10.60-11.14 0-2 10.49-10.36 16-6 


1 Clark, E. P., and Collip, J. B., J. Biol. Chem., 1925, 68, 461. 

2 Hawk and Bergeim, Practical Physiological Chemistry, 11 Ed., 533. 

3 Kuttner, T., and Lichtenstein, L., J. Biol. Chem., 1930, 86, 671. 

4 Scarborough, R. A., Yale J. Biol. and Med., 1930, 8, 359. 

5 Wintrobe, M. M., Shumaker, H. B., and Schmidt, W. J., Am. J. Physiol., 
1936, 114, 502. 

6 Morris, M. L., Stelton, N. J., Allison, J. B., and Green, D. F., J. Lab. and 
Clin. Med., 1940, 25, 353. 
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White blood counts were slightly higher (Table II) than those 
found by Morris, et al. The variations observed in serum calcium 
ranged from 9.8 to 13.8 mg %, average 11.3. Inorganic phosphate 
ranged from 3.9 to 6 mg % with an average of 4.87. 

During the period of infection the cell volume, total erythrocyte 
count and hemoglobin remained essentially unaltered (Table I). 
The white cell counts, both total and differential, showed striking 
variations from the normal in all animals. The leucocyte count 
(Table Il) showed an increase in those animals having the most 
severe infection. Even those dogs receiving 13 to 14 thousand tri- 
china larvae per kilogram body weight showed marked changes. 
The most marked variation in the blood picture was in the differential 
count. There was a gradual increase in the eosinophiles (Column 6, 
Table IIT) which reached a maximum (11 to 38%) 10 to 15 days 
after infection. No significant changes were observed in other 
leucocytes which is in contrast with the findings of Beahm and 
Downs’ in the albino rat. 

Significant increases in the serum calcium level (Table II1) were 
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Graph showing comparison of results from control and experimental period of 
trichina-infected dog M9. 


7 Beahm, E. H., and Downs, C. M., J. Parasitol., 1939, 25, 405. 
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observed in only + dogs suffering from severe trichinosis. These 
animals (M12, M4, M9, M7) that received 32, 33, 40 and 66 
thousand trichina larvae per kilogram of body weight exhibited in- 
creases in serum calcium, eosinophiles and total leucocytes. At the 
same time a moderate decrease was exhibited in the level of inorganic 
phosphate. Figs. 1 and 2 depict these changes as observed in M9. 
In contrast with these findings, M10, F13, and F5 had marked 
eosinophilia but no rise in calcium was observed although they re- 
ceived 34, 40, and 55 thousand larvae per kilogram of body weight. 
Fig. 3 graphically represents findings observed in F5 which are typical 
of these animals. 

Summary. No significant changes in cell volume, total erythrocyte 
count and hemoglobin values were observed in trichina-infected 
dogs. All animals exhibited increases in eosinophiles which reached 
a maximum 10 to 15 days after infection. Significant increases in 
serum calcium, which reached a maximum (16-18 mg %) 11 to 18 
days after infection, were observed in only 4 dogs. It would appear 
that hypercalcemia can only be elicited by a massive infection, 
whereas an eosinophilia will always result from ingestion of fewer 
organisms. 
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Absorption of Drugs Through the Bone Marrow. 


Davin I. Macur. 


From the Pharmacological Research Laboratory, Hynson, Westcott § Dunning, 
Inc., Baltimore, Md. 


For years the writer has been studying the penetration of drugs 
into the body through unusual channels and has published papers 
on their absorption through the bladder, urethra, ureters, vagina, 
eyes, ears, nose, pharynx, esophagus and pathological versus normal 
skin and mucous membranes.” * Having observed that drugs 
penetrate the tooth pulp and canaliculae,* the author determined to 
investigate what drugs and poisons in general can be absorbed through 
bone marrow and how rapidly. Such a research was deemed espe- 
cially desirable because of the recent work of Morrison and Samwick* 


1 Macht, D. L., J. A. M. A., 1938, 110, 409. 

2 Macht, D. I., Arch. internat. de Pharmacodyn. et de Therap., 1938, 58, 221. 
3 Macht, D. I., J. Pharmacol. and Exp. Therap., 1923, 22, 123. 

4 Morrison, M., and Samwick, A. A., J. 4. M. A., 1940, 115, 1708. 
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on successful intramedullar transfusion of human bone marrow 
and the brilliant experiments of Tocantins’ and O’Neill,° who re- 
ported efficient absorption of blood, plasma, glucose, congo red and 
metallic mercury injected into the intramedullar canal of higher 
animals. 

Ten experiments were made on dogs, 30 on cats, 75 on rabbits, 
60 on guinea pigs, 20 on rats and 12 on mice. Many drugs and 
pharmacological agents have been studied and still others are being 
examined by injection into the intramedullar cavity, injections 
being generally made into tibia but sometimes into humerus and 
femur. In rabbits and smaller animals the bones are thin enough to 
admit of the puncture or boring of a stout needle, the caliber of 
which must conform to their size. In iarger animals trocars of 
various sizes were used to make small apertures through the bone 
into the medullar cavity and through these openings metal can- 
nulae reached the marrow. Two groups of drugs were employed in 
this study, 7. e., (1) aqueous solutions of potent principles and (2) 
oils and other liquid drugs. 

Aqueous Solutions. Well-known potent drugs soluble in water 
or physiological saline were injected into medullar cavities of various 
animals and their subsequent absorption was shown by characteristic 
systemic effects. As indicated by pharmacological responses elicited, 
all the drugs in the subjoined list were promptly absorbed through the 
bone marrow. 


Morphine sulphate Effect on respiration 

Apomorphine Emetic action 

Cobra venom Effect on circulation and respiration 

Thebaine HCl Convulsant action 

Strychnine nitrate Convulsions 

Metrazol ay 

Picrotoxin we 

Caffeine Effect cn circulation and respiration 

Ouabain Effect on heart 

Sodium nitrite Fall in blood pressure, metahemoglobin formation 

Atropine sulphate Mydriasis, paralysis of intestines 

Pilocarpine HCl Myosis, salivation, intestinal peristalsis 

Physostigmin Intestinal paralysis, twitching of skeletal muscle, slowing 
of heart 

Nicotine Typical picture of poisoning, death from paralysis of 
respiration 

Epinephrine Effect on blood pressure 

Ephedrine De nF a ue 

Aconitine Typical effect on respiration and circulation 

Phenolsulphonphthalein Excretion by kidneys 

Insulin Convulsions 


5 Tocantins, L. M., Proc. Soc. Exp. Bron. AND Mep., 1940, 45, 292. 
6 Tocantins, L. M., and O’Neill, J. F., Proc. Soc. Exp. Bro. anD MeEp., 1940, 
45, 782. 
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The following protocols illustrate some of the results obtained : 


Experiment of March 24, 1941 Experiment of April 4, 1941 
Rabbit weighing 2 kg Rabbit weighing 1.2 kg 
Injected pilocarpine HCl, 2 mg to the Injected 1 ce of phenolsulphonphthalein 

ec, in tibia in tibia 
In 10 min. profuse salivation and mark- Output first hour 39% 
edly slowed heart-beat “7 second. 22 50% 
Myosis, active stimulation of intestinal 
peristalsis Total 85% 


Gradual recovery 

Absorption of Oils and Other Liquid Drugs. The effects of 
various oils and “oily” solutions injected into the medullary cavity 
of bones were even more interesting. Thus evipal, introduced into 
the tibiae of guinea pigs, completely anesthetized them in a few 
minutes. So did avertin and chlor-butanol dissolved in olive oil. 
Pure benzyl benzoate, injected into tibia of a cat under paraldehyde 
anesthesia, was promptly absorbed as indicated by fall in blood pres- 
sure and depressed respiration. 

Between the volatile or essential oils and the fixed oils there was a 
marked difference in rapidity of absorption. The volatile oils 
studied were oils of rose, rose geranium, rosemary, thyme, anise, 
orange, sassafras, cinnamon, cloves, tansy and wintergreen. Sys- 
temic effects from all these were usually noted a few minutes after 
their introduction into the bone marrow, 1. e., primary excitation, fol- 
lowed by depression, convulsions, coma and death, depending on 
dose injected. 

Absorption of the so-called fixed or heavy oils through bone mar- 
row usually proceeded more slowly. Thus chlor-butanol in olive oil, 
injected into tibiae of cats and guinea pigs, effected general anes- 
thesia in from 5 to 10 minutes. Camphorated oil (N.F.) dissolved 
in linseed oil produced typical epileptic convulsions in 15 to 30 
minutes. A-estradiol in olive oil, injected into tibiae of spayed rats, 
produced positive oestrus smears after a lapse of 3 days. Crystalline 
progesterone in sesame oil (Proluton) injected into Clauberg rab- 
bits, effected typical progestational proliferation of the endometrium. 
Suspensions of heparin in olive oil or peanut oil exerted anticoagulant 
effects in rabbits for longer periods than intravenous injections of the 
aqueous solutions. Introduction of a few drops of croton oil into 
tibiae of guinea pigs and rabbits was followed in 15 to 30 minutes 
by powerful contractions of abdominal muscles, purgation, ejacu- 
lation in males, coma and death (intramuscular injections of this 
oil had little effect). Castor oil had no laxative effect, thus con- 
firming the view generally held regarding its mechanism of action. 
Injections of Ruvettus’ oil, however, were mildly laxative. Doses of 


7 Macht, D. I., and Barba-Gose, J., J. Am. Pharm. Assn., 1931, 20, 558. 
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0.2 ce of olive, mineral, peanut, peach kernel, sesame and cottonseed 
oils, respectively, exhibited no harmful effect in guinea pigs. 

Absorption of Epinephrine. Introduction of aqueous solutions of 
epinephrine into medullar cavities of bones was promptly followed 
by a sharp rise in blood pressure with transient depression of respira- 
tion and a rapid return of the blood pressure in cats, dogs and rab- 
bits to the normal or frequently below the normal level. This effect 
differed but little from the response elicited by intravenous injec- 
tions of the drug in the same animals. When solutions of epineph- 
rine in oil were used, however, a very different picture was ob- 
tained. Such a solution of epinephrine in peanut oil, injected into 
the muscles of cats, dogs and rabbits, effected no noticeable rise in 
blood pressure. When the oily solution was injected into a medullar 
cavity, however, a striking pharmacological picture was observed. 
Such intramedullar injections were followed by a prompt rise in 
blood pressure to a moderate height, not as marked as that following 
aqueous solutions of the drug but of long duration, lasting from 20 
to 30 minutes (Fig. 1). 

Summary. (1) The absorption of many drugs introduced into 
the bone marrow was studied in various animals. (2) Aqueous so- 
lutions of all such agents were rapidly absorbed as indicated by 
their characteristic systemic effects. (3) Intramedullar injections 
offer an especially useful means for pharmacological study of oils 
and oily solutions. (4) Volatile oils are rapidly absorbed through 
bone marrow but the fixed oils are absorbed more slowly, thus 
retarding absorption of active principles dissolved therein. (5) 
Epinephrine in oil, introduced into medullary canals, produces a 
marked and long-sustained rise in blood pressure, an effect which 


cannot be achieved by intramuscular injection of such an oil solu- 
tion. 


Hie. 1. 
Effect of 2 mg of adrenalin in oil in tibia of cat. 
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Combined Bacteriostatic Activity of Sulfanilamide and Azo- 
chloramid upon Group A Hemolytic Streptococcus 
and Enterococcus. 


Erwin NETER. 


From the Bacteriological Laboratories, Children’s Hospital, and the Department 
of Pathology and Bacteriology, University of Buffalo, School of Medicine, 
Buffalo, N.Y. 


The therapeutic effectiveness of sulfanilamide may be markedly 
enhanced in the presence of other antibacterial agents, notably im- 
mune serums. The question presents itself as to whether or not a 
similar synergistic action may be obtained by the combined use of 
two different chemotherapeutic substances. Jn vitro studies on the 
combined bacteriostatic activity upon pneumococci of sulfapyridine 
or sulfathiazole and optochin hydrochloride (ethylhydrocupreine 
hydrochloride) or beta hydroxyethylapocupreine dihydrochloride 
(Parke, Davis & Co.) failed to reveal such a synergistic effect.’ 
On the other hand, it could be shown that with E. coli as test organ- 
ism, the combined use of pyridium (phenylazo-alpha-alpha-diamino- 
pyridine mono-hydrochloride) and sulfamido compounds resulted 
in bacteriostatic effects beyond that exerted by either compound 
alone.” The activity of sulfamido compounds and azochloramid 
used in combination against hemolytic streptococcus Group A and 
enterococcus is reported in the following communication. Azo- 
chloramid (N, N’-Dichloroazodicarboxamidine) (Wallace and Tier- 
nan products ) was chosen as a representative of chlorine compounds. 
It is a bacteriostatic and bactericidal agent which is relatively stable 
and whose effectiveness in the presence of organic matter is inhibited 
to a slight degree only. 

As test microorganisms a strain of beta hemolytic streptococcus 
(Group A Lancefield) which was isolated from the chest fluid of a 
patient with empyema and a strain of hemolytic enterococcus that 
was isolated from the urine of a patient with infection of the urinary 
tract, were used. Brain heart infusion and 144% maltose phenol red 
broth (Difco) were employed as culture media. Sulfanilamide 
[p-aminobenzenesulfonamide, prontylin, repurified for injection 
(Winthrop) ] and sulfathiazole [2-sulfanilamidothiazole (Squibb) ] 
were dissolved in appropriate amounts in broth by heating in a 


1 Neter, E., J. Bact., 1941, 41, 273. 
2 Neter, E., and Loomis, T. A., The Urol. and Cutan. Review, 1941, 45, 295. 
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water bath. These solutions as well as the broth media were ster- 
ilized by autoclaving at 15 Ib pressure for 12 minutes. Azochlora- 
mid was dissolved in sterile broth and kept in the dark; the azo- 
chloramid-broths were not heated. Controls for sterility were car- 
ried out. 

The number of viable organisms was determined by means of 
poured blood agar plates. The specimens were diluted in broth con- 
taining p-aminobenzoic acid and/or sodium sulfite in order to coun- 
teract the activity of sulfanilamide and azochloramid. 

A typical experiment on the combined bacteriostatic activity of 
sulfanilamide and azochloramid upon Group A hemolytic strepto- 
coccus ensues. Maltose phenol red broths containing sulfanilamide 
or azochloramid or both (volume 4.8 cc) were inoculated with 0.2 cc 
of 1 to 10 diluted 24-hour infusion broth culture of hemolytic strep- 
tococcus. The number of organisms present were approximately 
50,000 per cubic centimeter. The tubes were shaken well and in- 
cubated in the dark at 37°C. The resulting growth was noted at 
various intervals. Contaminations were excluded by preparations of 
films and subcultures. The results of this experiment are pre- 
sented in Table I. 


{ TABLE I. 
Combined Bacteriostatic Activity of Sulfanilamide and Azochloramid upon Group 
A Hemolytic Streptococcus. 


Hr of ineubation 


, aga 
Mediums 8 18 24 48 72 
1. Control broth f+ Ftt+ Ftt+ F444 F444 
2, Sulfan. ( 25 mg%) broth ++ +4+ 4444 4444+ 4444 
BP (100 FF EE tt FH EE 
4. Azochl. (1/800,000) broth  — +4 ttt +444 4444 
5.” (1/400,000) 7? 
6. 7? (1/200,000) 9? = — — +44 $444 
7. Azochl. (1/800,000) 
Sulfan. (25 mg%) brotl — 
8. Azochl, (1/800,000) ye ca TE Ss eae 
Sulfan. (100 mg%) broth — — — AL tk, sibs 


9. Azochl. (1/400,000) 

Sulfan. (25 mg%) broth — — 
10. Azochl. (1/400,000) 

Sulfan. (100 mg%) broth — — 
11. Azoehl. (1/200,000) 

Sulfan. (25 mg%) broth — — -- ++ 
12. Azochl. (1/200,000) 

Sulfan. (100 mg%) broth — — } 


— = No visible growth. 
+ to +++-+ = Various degrees of visible growth. 


Crt 


SULFANILAMIDE AND AZOCHLORAMID 30 


Table I reveals that with a large inoculum of hemolytic strep- 
tococcus the bacteriostatic action of sulfanilamide (25 and 100 mg 
%o) was very slight. Azochloramid in concentrations of 1/200,000 
to 1/800,000 exerted some bacteriostatic activity although it failed 
to prevent entirely the growth of the organisms. The combination 
of sulfanilamide and azochloramid exerted greater bacteriostatic 
activity than either compound alone. Used together these two agents 
in suitable dilutions are more effective than four times the concen- 
tration of sulfanilamide alone and twice the concentration of azo- 
chloramid alone (Table I). Essentially the same results were ob- 
tained in several experiments. 

A quantitative study confirmed these results. In one representa- 
tive experiment the number of viable streptococci per 0.2 cc after 24 
hours’ incubation at 37° C were as follows: (1) Control broth: 
4,000,000; (2) 100 mg % sulfanilamide broth: 2,000,000; (3) 
1/800,000 azochloramid broth: 3,000,000; (4) 1/200,000 azo- 
chloramid broth: 600; (5) broth containing 25 mg % of sulfanila- 
mide and azochloramid in a dilution of 1/800,000: 2,100. In the 
same experiment, after 48 hours of incubation, no viable strepto- 
cocci were demonstrable in broth containing 25 mg % of sulfanila- 
mide and azochloramid in a dilution of 1/400,000, whereas broth 
containing azochloramid in a dilution of 1/200,000 had 8,000,000 
viable streptococci. 

Experiments with hemolytic enterococcus revealed that sulfanila- 
mide (1,000 mg %) used in combination with azochloramid 
(1/800,000) may completely prevent the growth of enterococcus and 
exert greater bacteriostatic activity than azochloramid alone even 
in a concentration twice as great. 

It remains to be seen whether synergistic effects also may be ob- 
tained by the combined use of azochloramid and various sulfamido 
compounds upon pneumococci and other organisms; furthermore, 
whether these in vitro results may be duplicated in vivo.* 


* The author wishes to express his appreciation for the supply of azochloramid 
to Dr. F. C. Schmelkes, Assistant Director, Research Department, Wallace & 
Tiernan Products. 
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Vitamin Deficiency as One Explanation for Inhibition of 
Protozoan Growth by Conditioned Medium. 


R. P. Hatt, (Introduced by H. W. Stunkard. ) 


From the Biological Laboratory, University College, New York University. 


Accelerative effects of biologically conditioned casein-peptone 
medium, when added to fresh medium in proportions of 1-5 parts in 
10, have been reported previously for Colpidiwm campylum.*  Sub- 
sequently, it has been found that an increase in the proportion of 
conditioned medium induces inhibitory effects on the growth of 
Colpidium campylum and Glaucoma piriformis.* Observations on 
the latter are presented below. 

Series I and II. A culture filtrate was prepared from 96-day 
flask-cultures of G. piriformis in casein-peptone (Difco “‘tryptone’”’ ) 
medium containing KH,PO, (1.0 g per 1). The cultures were 
filtered through paper (Whatman No. 12), as previously described 
by Hall and Loefer,’ and the filtrate was divided into two portions. 
One portion (Series I) served as the control medium. To the 
other (Series IL), the following growth-factors were added: Merck’s 
thiamine hydrochloride (1 x 10° g per cc), Merck’s riboflavin (1x 
107% g per cc), and S. M. A. Corporation’s nicotinic acid amide 
(1x 10" g per cc). Each medium was tubed in 10 cc amounts 
and sterilized in the autoclave at 122° C for 20 minutes. All tubes 
received 0.5 cc inocula from a 3-day culture of G. piriformis in the 
basic medium. In both series, the initial pH was 6.9; initial count, 
4,000 ciliates per cc. All cultures were incubated in darkness at 
24°C, and counts were made at the indicated intervals (Fig, 1, A). 

Series II] and IV. The procedure was the same as above, except 
that 109-day flask-cultures were used as the source of the filtrate, 
and a 21-day stock culture was used for inoculation. Series ITI] 
served as the control; in series IV, the medium received the 3 growth- 
factors. In both series, the initial count was 6,400 ciliates per cc; 
initial pH, 6.9. The results are described in Fig. 1, B. 

In both Fig. 1, A and 1, B the dotted lines represent growth-curves 
for G. piriformis in fresh medium prepared from the same sample 
of casein-peptone. These series were not run in parallel with Series 


1 Hall, R. P., and Loefer, J. B., Proc. Soc. Exp. Bron. AND Mep., 1940, 48, 128. 

“In view of the present confusion in nomenclature of these ciliates, it may be 
pointed out that these 2 strains are known to be antigenically distinct. Conse- 
quently, the writer is retaining the older designations for the present. 
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$s LOG. NUMBER 5s LOG, NUMBER 
PER cc. PER cc. 


SERIES | 


Ss 10 1S 


15 
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I and II, or with III and IV; furthermore, the initial pH was 6.3 
instead of 6.9, and the initial counts were lower. However, these 
series do afford valid comparisons with respect to population yield. 

In interpreting the results, it may be pointed out that in all 4 
series the medium contained old culture filtrate (“biologically con- 
ditioned” medium) in the proportion of approximately 19 parts in 
20. In Series I and II, inoculated from a 3-day stock culture, the 
concentration of any essential materials introduced with the inocula 
might approach that of fresh peptone medium. For the inocula in 
Series III and IV, this probably would not be true, since the supply 
should be depleted to some extent in a 21-day culture. Hence, it 
might be expected that the differential effect of added vitamins 
would be greater in Series IV than in Series II. This was actually 
the case. In both series, however, it is obvious that the addition of 
3 growth-factors restored an old culture filtrate to approximately 
the condition of fresh peptone medium, so far as population yield was 
concerned. 

Comparison of Series I and III suggests that exhaustion of the 
vitamin supply in cultures of G. piriformis is well under way after 
21 days, and that inocula from such old cultures carry over no sig- 
nificant amounts of these essential substances. Furthermore, the 
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results obtained in Series II and IV demonstrate that the concentra- 
tion of certain vitamins is reduced below the minimum long before 
the available food supply is exhausted. 

These results supplement the earlier report of an accelerating effect 
produced by old culture filtrates in lower concentrations (Hall and 
Loefer, loc. cit.) The present findings demonstrate that old culture 
filtrate (“biologically conditioned” medium), in excessive concen- 
tration, tends to inhibit growth of G. piriformis, with a consequent 
reduction in population yield. Since this inhibitory effect disappears 
upon the addition of three growth-factors to the conditioned medium, 
it may be concluded that the effect actually represents a vitamin de- 
ficiency. 
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Use of Sulfaguanidine in Nutrition Experiments.* 


S. Biack,' J: M. McKispin anp C. A. ELVEHJEM. 


From the Department of Biochemistry, College of Agriculture, University of 
Wisconsin, Madison. 


The variable results obtained in studies on the newer members of 
the vitamin B complex have led us to suspect that intestinal bacteria 
may synthesize certain unidentified factors essential in the nutrition 
of the rat. Sulfaguanidine (sulfanilylguanidine), an antibacterial 
agent which is poorly absorbed from the intestine,t appeared to be a 
useful tool in attacking this problem. The following basal ration 
was used in our experiments: sucrose 76, purified casein 18, salts 4, 
corn oil 2, choline hydrochloride 200 mg, nicotinic acid 2.5 mg, 
calcium pantothenate 2 mg, and .3 mg each of thiamin, pyridoxine 
and riboflavin. Two drops of haliver oil containing 1 mg of dl 


* Published with the approval of the Director of the Wisconsin Agricultural 
Experiment Station. This work was supported in part by a grant from the Works 
Progress Administration. 

We are indebted to Merck and Company, Rahway, New Jersey, for supplies of 
thiamin, nicotinic acid, vitamin Bg, calcium pantothenate; to Abbott Laboratories, 
North Chicago, Hlinois, for haliver oil; to Hoffmann-LaRoche, Inc., Nutley, New 
Jersey, for dl-g-tocopherol acetate; and to Caleo Chemical Division, American 
Cyanamid Company, Bound Brook, New Jersey, for sulfaguanidine. 

+ Eli Lilly and Company Fellow. 

1 Marshall, E. K., Jr., Bratton, A. Calvin, White, H. J., and Litchfield, J. T., Jr., 
Bull. Johns Hopkins Hosp., 1940, 67, 163. 
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a-tocopherol acetate were given weekly to each rat. Weanling rats 
were used in all cases. 

Sulfaguanidine was fed at levels from 0.5% to 2.0%. At the 
higher levels the drug is apparently toxic, because a large proportion 
of the animals died during the first 2 weeks and none grew optimally 
when given liver extract in addition to sulfaguanidine. Growth 
results obtained over a 5-week period when the 0.5% level was 
used are shown in Table I. Sulfaguanidine at a level of 0.5% in 
the basal ration greatly reduces the growth rate, but when liver ex- 
tract is included in the diet in addition to 0.5% sulfaguanidine, 
optimum growth results. Four rats have been maintained for 13 
weeks on the basal ration plus 0.5% sulfaguanidine and liver extract, 
and appear to be normal in every respect; their average weight is 
330 g. The addition of 3 mg p-amino benzoic acid per rat per day 
increased the rate of growth but the rate did not approach that of 
normal animals. 


UNE 
No. of Weekly 
Ration Daily supplement rats growth, g 
Basal 5 28.9 
Basal + 0.5% sulfaguanidine 10 9.3 
BAe AS a 0.3 g liver extract 8 32.1 
2 ae 22 3.0 mg p-amino benzoic acid 5 18.2 


The reduced growth on the basal diet plus 0.5% sulfaguanidine 
may be due to inhibition of intestinal synthesis of essential growth 
factors which liver extract supplies, or to a toxicity which is counter- 
acted by a factor in liver extract. Results which indicate that the 
effect is due to inhibition of intestinal synthesis are shown in Table 
II. After 3 weeks on the basal ration plus 0.5% sulfaguanidine the 
animals do not give a growth response when shifted to the basal 
ration alone, but do respond when supplemented with liver extract. 
This may be interpreted to mean that the organisms responsible for 
intestinal synthesis have been eliminated from the intestine and are 
not reéstablished during the first 2 weeks following the removal of 
sulfaguanidine from the ration. In this connection the results with 
p-amino benzoic acid are interesting. It has been shown that p-amino 
benzoic acid reduces the toxic effect of sulfanilamide upon hemo- 
lytic streptococci.” The fact that it produces a growth response 
when fed with sulfaguanidine from the beginning of the experi- 
ment (Table I), and no response during the first week when fed 


2 Woods, D. D., Brit. J. Exp. Path., 1940, 21, 74. 
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TABLE II. 
Average Weekly Growth of Rats Receiving Different Supplements Following 
Sulfaguanidine Treatment. 
All rats had received 0.5% sulfaguanidine before being changed. 


Growth 
f = ar a 
No. of Ist week 2nd week 
Ration rats g g 
Continued on basal + sulfaguanidine 11 4.0 0 
Changed to basal minus sulfaguanidine 6 —2.0 —0.5 
Changed to basal + sulfaguanidine + 0.3 g : 
liver extract daily 4 25.5 25.0 
Changed to basal + sulfaguanidine + 3 mg 
p-amino benzoic acid 4 2.0 12.9 


after the animals have received sulfaguanidine for 3 weeks (Table 
Il) may mean that p-amino benzoic acid reduces the toxic effect 
of sulfaguanidine on certain bacteria in the intestine. When these 
bacteria are eliminated from the tract before the p-amino benzoic 
acid is administered, it takes at least a week for the bacteria to become 
reestablished. 

Vitamin K has been shown to be synthesized in the rat’s intestine.° 
None of our rats, however, has had a blood clotting time longer than 
2 minutes, even after 7 weeks on the sulfaguanidine ration. 

Summary. It has been shown that on a purified basal ration 
0.5% sulfaguanidine greatly reduces the growth rate of young 
rats. When liver extract is fed with 0.5% sulfaguanidine, optimum 
growth is obtained. p-amino benzoic acid fed with 0.5% sulfa- 
guanidine from the beginning of an experiment gives a definite 
growth response, but gives no response during the first week when 
fed to rats which have received sulfaguanidine alone for several 
weeks. The bearing of these results upon the possible synthesis 
of unidentified rat growth factors by intestinal bacteria is discussed. 


3 Brinkhous, K. M., Medicine, 1940, 19, 329. 
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Delayed Blood Coagulation in Methyl Methacrylate (Boilable 
“Lucite’”’)* Vessels. 


Joun S. HirscuHsoecx. (Introduced by P. F. Swindle.) 


From the Department of Physiology, Marquette University School of Medicine, 
Milwaukee, Wis. 


The inhibition of blood coagulation by a plastic resin surface 
was demonstrated by Neubauer and Lampert.t They used a 
product chemically similar to bakelite which they called ‘“athrom- 
bit’ and showed that it was superior to paraffin in its ability to 
delay coagulation. Methyl methacrylate, one of the newer plastic 
resins, in addition to the properties which make it suitable as a 
substitute for glass, also possesses an anticoagulant surface. 

The anticoagulant power of a surface is usually inversely pro- 
portional to the force of adhesion exerted between the surface 
and water.” Methyl methacrylate resin possesses a very pro- 
nounced water-repelling surface. The force of adhesion between 
it and water, when measured by the capillary tube method,’ is 
0.038 g per cm. This is not as low as the paraffin-water nor as 
high as the glass-water adhesive forces. These are —0.037 g per cm 
and 0.053 g per cm respectively. Table | presents a comparison 
of the anticoagulation property of glass, methyl methacrylate 
and paraffin. The average coagulation time for the series oi 
glass tubes was 6.2 min, the methyl methacrylate tubes 13.9 min and 
the paraffin tubes 18.3 min. It is evident that the anticoagulant 
behavior of the methyl methacrylate surface follows Lampert’s 
rule of surface adhesion. In this respect it differs from “athrombit’”” 
and collodion.* 

Clot retraction was delayed in the methyl methacrylate tubes and 
in some instances did not take place even after standing 24 hours at 
room temperature. 

The tubes used in this experiment had an internal diameter of 1 cm. 
Two cc of human blood, removed with a dry syringe from the veins 
of healthy adults, were placed in each tube and the coagulation time 
was taken when the blood failed to flow upon tilting the tube to the 
horizontal position. 


* Supplied for this experiment by E. I. du Pont de Nemours and Company. 

1 Neubauer, O., and Lampert, H., Muench. Med. Wehnschr., 1930, 77, 582. 

2Lampert, H., Die physikalische Seite des Blutgerinnungs-problems, 1931, 
Leipzig, Georg Thieme. 

3 Hirschboeck, J. S., Proc. Soc. Exp. Biot. AND MEp., 1940, 45, 122. 
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TABLE I. 
Coagulation Time of Blood. 


Type of surface 


Glass Methyl methacrylate Paraffin 
Case min min min 
i 7 13 10 
2 9 20 27 
3 5 9 11 
4 5 12 18 
5 5 11 19 
6 5 14 16 
ff is 19 16 
8 6 12 18 
9) 6 iti 22 
10 if 18 26 


Summary. The blood coagulation time in methyl methacrylate 
(boilable “lucite’’) tubes was found to be twice as long as the coagu- 
lation time in glass tubes. The blood coagulation inhibiting effect of 
this material follows Lampert’s rule of surface adhesion. 
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Cleavage of the Imidazole Ring of Histidine and Carnosine 
by Bromine.* 


Epwin T. Mertz. (Introduced by A. G. Hogan.) 


From the Department of Agricultural Chemistry, University of Missouri, Columbia. 


The literature records no chemical reagent capable of rapidly 
splitting the imidazole ring of histidine with the liberation of am- 
monia. This cleavage is readily accomplished by an enzyme, histi- 
dase, found in liver.» ” The following data show that a buffered 
solution of bromine rapidly splits the imidazole ring of histidine, 
carnosine and other imidazole compounds. 

Experimental Procedure. A citrate buffer solution is prepared by 
dissolving 352.8 g of Na;C,H;O; .2H.O in ammonia-free water to 
a final volume of 1200 cc. The pH is adjusted to 1.0 (glass elec- 
trode) by adding approximately 315 cc of C. P. HCl, sp gr 1.18. 

* Contribution from the Department of Agricultural Chemistry, Missouri Agri- 
cultural Experiment Station, Journal Series No. 732. 


1 Edlbacher, S., and Kraus, J., Z. Physiol. Chem., 1930, 191, 225; 1931, 195, 
267. 


2 Edlbacher, S., and Neber, M., Z. Physiol. Chem., 1934, 224, 261. 
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Liquid C. P. bromine is then added in excess to 100 ce of the buffer 
solution, the mixture is shaken, and allowed to stand for 12 hours. 
This saturated bromine solution (approximately 1.0 N bromine) is 
kept in the dark, and is prepared fresh every fourth day. 

To determine the ammonia liberated by bromination, 1 cc of a 
solution containing 0.5-2.0 mg of imidazole nitrogen is placed in a 
25 x 200 mm test tube with 9 cc of the bromine buffer solution. 
The tube is covered with a 40 x 60 mm test tube and protected from 
light for a period of 2 hours.’ An excess of 20% Na.S .9H:O solu- 
tion* is then added. At the end of 10 minutes a few drops of motor 
oil are added, the tube is connected with an aeration apparatus, an 
equal volume of approximately 15 N NaOH solution is introduced, 
and the alkaline imidazole solution is aerated until it is free of am- 
monia (30-60 minutes). The ammonia is trapped in 2% H,BOs; 
solution containing methyl red-methylene blue indicator, and is 
titrated with 0.01 N HCl.° 

Results. The volatile amine obtained by the above procedure 
was identified as ammonia by converting it to benzamide; 0.24 g of 
pure benzamide was recovered from 0.5 g of histidine monohydro- 
chloride. The ammonia was also identified by quantitative colori- 
metric comparisons with nesslerized ammonium sulfate. 

The yield of ammonia from brominated histidine is dependent 
upon 4 factors: pH of the solution at the time of bromination, con- 
centration of bromine, the period of bromination, and the period of 
reduction. The influence of each factor was determined separately 
and the optimum conditions were found to be as follows: pH: 1-1.5, 
bromine concentration: 0.5-1.0 N, period of bromination: 2 hours 
or more, and period of reduction: 3 minutes or more. Under these 
optimum conditions, 80(+2)% of the total nitrogen of histidine 
was recovered as ammonia at every level of histidine monohydro- 
chloride tested (3, 6, 9, and 12 mg). 

The ammonia recoveries obtained under these optimum condi- 
tions from related imidazole compounds are listed in Table I. 

The extent of liberation of ammonia from the imidazole ring is 
affected by the nature of the side chains attached to the ring. Imida- 
zole itself does not yield all of its nitrogen as ammonia. Methylation 


t Tests on histidine show that under these conditions the bromination reaction 
is 90% complete in 5 minutes, 95% complete in 15 minutes, and 100% complete 
in 1 hour. At a concentration of 0.5 N bromine, the reaction is 100% complete 
in 2 hours. 

+ Excess bromine can be removed equally effectively with NaoS, or by aeration. 
The use of NaS is more convenient. 

3 Sobel, A. E., Yuska, H., and Cohen, J., J. Biol. Chem., 1937, 118, 443. 
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TABLE I. 
The Ammonia Recovery from Various Imidazole Compounds. 
Total Ammonia Recovery of 
Quantity nitrogen nitrogen imidazole 
used (theory ) found nitrogen 
Compound mg mg mg Jo 
Imidazole 4.84 2.00 1.096 04.7 
1.094 
2-methyl imidazole 3.41 1.16 0.632 54.8 
0.640 
4 (or 5)-methy] imidazole oxalate 6.65 yea? 0.348 30.6 
0.338 
Imidazole lactic acid 
monohydrate 6.00 0.96 0.962 99.7 
0.973 
0.937 
Histamine dihydrochloride 4.38 1.00 0.083 13.0 
0.091 
j-carnosine 8.07 2.00 0.897 89.8 
0.899 
l-carnosine + 4.2 mg 8.60 2.13 1.062 100.6 
CuCO3 . Cu(OH)>» 
l-carnosine + 50 mg 
CuCO3 - Cu(OH)>» 8.70 2.16 1.097 
Cu-carnosine IO gal eS Ta 0.955 100.2 
0.926 
0.931 
Cu-anserine 11.41 1.88} 0.273 28.4 
0.261 
Acetyl 1-histidine 10.70 2.09 1.286 93.4 
10.90 2.13 1.325 
9.60 1.87 1.178 
Acetyl 1-histidine + 50 mg 10.10 OT, 1.298 98.8 
CuCOs - Cu(OH)>» 10.55 2.06 1.355 
1-histidine monohydrochloride 
monohydrate 10.10 2.02 1.600 118.9 
1-histidine monohydrochloride 
monohydrate + 50 mg 10.30 2.06 1.640 118.6 
CuCOz . Cu(OH)>» 10.00 2.00 1.580 
1.570 
Ergothionine 5.45 1.00 0.198 31.2 
0.219 


“Total nitrogen found (micro-Kjeldahl). Theory for CyHgNy - HyC,0, = 
1.08 mg. 

tTotal nitrogen found (micro-Kjeldahl). Theory for CyH,4O3N, . CuO 
2.00 mg. 

+Total nitrogen found (micro-Kjeldahl). Theory for CygH,,03N, - CuO = 
2.00 mg. 
of the 2-position has no apparent effect on ammonia recovery, 
whereas methylation of the 4 (or 5) position decreases it. A marked 
decrease is also observed when the B-ethyl amine group is in the 4 
(or 5) position of the ring (histamine). On the other hand, all of 
the ring nitrogen is recovered as ammonia when a lactic acid group 
is in the 4 (or 5) position of imidazole (imidazole lactic acid). 

I-Carnosine and acetyl I-histidine yield 7-10% less ammonia than 


the values calculated for complete cleavage of the imidazole ring. 
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However, if cupric ion is added at the time of bromination, the am- 
monia recovery is 100%. The action of cupric ion may be similar to 
its well-known catalytic effect on Kjeldahl digestions. 

Under optimum conditions of bromination, histidine yields 2.4 
moles of ammonia per mole of compound. Attempts to modify 
the experimental conditions so as to recover either exactly 2 or 3 
moles of ammonia have never been successful, and cupric ion has no 
effect upon ammonia recovery (Table 1). The additional 0.4 mole 
of ammonia obtained from one mole of histidine may be derived 
from a partial cleavage of the alpha-amino group. 

Summary. When histidine and related compounds are treated 
with bromine at pH 1 to 1.5, the excess bromine removed, and the 
solution alkalinized and aerated, significant amounts of ammonia 
are recovered from the imidazole ring. Copper carnosine, copper 
acetyl histidine, and imidazole lactic acid yield amounts of ammonia 
which correspond to a complete cleavage of the ring nitrogen. His- 
tidine yields sufficient ammonia to account for all of the ring nitro- 
gen plus almost one-half of the alpha-amino nitrogen. Other com- 
pounds tested gave 13-55% of their imidazole nitrogen as ammonia. 
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A Simple Method for the Bioassay of Renin. 


Otto SCHALES AND FLORENCE W. Haynes, (Introduced by 
Soma Weiss. ) 


From the Medical Clinic, Peter Bent Brigham Hospital, and the Department of 
Medicine, Harvard Medical School, Boston. 


In connection with work on hypertension it was of importance to 
have a simple method for testing a large number of extracts for 
their renin content. Rabbits were used for the test as their blood 
pressure is conveniently measured in the artery of the ear by a mem- 
brane manometer.* 

After several preliminary trials a procedure was standardized, 
which, despite its simplicity gives reliable and reproducible results, 
as accurate as one would expect from a bioassay. 

The test was carried out in a warm room. The unanesthetized 
animals were placed in a box with open front and top; after some 


1 Grant, R. I., and Rothschild, P., J. Physiol., 1934, 81, 265. 
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training they would sit quietly. The left ear was placed between the 
capsule and light of the manometer without forcing it away from its 
natural position. Measurements of the blood pressure were taken 
at about 14-minute intervals; after a few minutes the readings were 
constant, fluctuating not more than one millimeter from the average 
level. After a constant level had been maintained for at least 3 
minutes, the extract was injected intravenously in the right ear. The 
introduction of the needle had no effect on the blood pressure, as the 
right ear had previously been denervated. Injection of 5 cc of 
physiological saline solution also had no effect on the blood pressure. 

The injection time chosen was 60 seconds, but practically the same 
results were obtained if the injection was made in 30 seconds. When 
the injection was started, measurements of the blood pressure were 
done in rapid succession, about 3 per minute. The maximum 
response to renin was usually obtained about 3 minutes after the 
start of the injection. For each extract 4 animals were used and 
amounts of renin were injected which would cause a rise in blood 
pressure of 20 to 40 mm mercury. If the potency of an extract 
was unknown, this amount was first determined approximately by 
an experiment with one animal. The volume of isotonic solution 
injected (0.9% NaCl) was kept between 1 and 2 cc per rabbit. 

From the data on 4 animals the amount of renin was calculated 
(as micrograms nitrogen) which had to be given per kilogram of 
rabbit to cause an average rise in blood pressure of 30 mm. We call 
this amount one rabbit unit (R.U.). It is the number derived from 
the average response of 4 animals and its calculation is justified by 
our finding that the response in the range of 20 to 40 mm pressure 
rise is approximately proportional to the amount of renin given. This 
straight linearity is not present in the range above 40 mm as one 
can see in the dose-response curve by Pickering and Prinzmetal.? 
With increasing purity of an extract the amount of nitrogen equiva- 
lent to one rabbit unit will decrease as less inert proteins are present 
and the method offers therefore a simple way to judge the success 
of any attempt to purify renin. The degree of purity can be ex- 
pressed as the number of rabbit units per milligram of nitrogen. 
Independent of its purity the concentration of renin in an extract 
may be expressed as the number of units per ce. 

The following data illustrate the assay procedure. Table I shows 
the bioassay of an extract, repeated after an interval of 2 days. To 
calculate one rabbit unit, the sum of micrograms of nitrogen given 


2 Pickering, G. W., and Prinzmetal, M., Clin. Sc., 1938, 8, 211. 
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TABLE I. 
Extract N55 (diluted 1:25, 1 ce equals 41.6 wg nitrogen). 
ug No given Rise in ug No given Rise in 
Rabbit per kg lee, per kg BBs 
No. 2/18/41 mm Hg 2/20/41 mm Hg 
42 50.8 27 
59 46.0 18 
64 50.3 37 
65 30.0 18 48.5 33 
66 45.5 28 
68 39.6 27 44.4 30 
165.9 100 189.2 118 
165.9 « 30 189.2 x 30 
Ils = ==) 4958) 08 No/ ks al Noy Kos 
100 118 
1040 1040 
1 ee (undiluted) = —— = 20.9 R.U. => = FAD AAU, 
49.8 48.1 


per kilogram is divided by the sum of the rises in blood pressure and 
multiplied by 30. 

Table Il shows the result of the bioassay of 2 preparations of 
renin, C, and C,, made according to the method of Helmer and Page’ 
for their fraction C. From the statement of the authors one can 
conclude that an amount of this fraction containing 93 pg of nitro- 
gen caused a rise in blood pressure of 30 mm or more per kilogram 
of dog. The findings in Table II confirm the statement of Hessel* 
that about the same amount of renin was necessary per kilogram to 
produce the same rise in blood pressure in rabbits as in dogs. 

The accuracy with which this method can be used to determine 
yields can be seen from the following example: 

TABLE II, 


Extract C; (diluted 1:50, 1 ce equals 78.4 wg nitrogen). 
a) Cy ( “heh je 50, ee eke) 93.6 Py 2) We 


Extract C; Extract Co 
Sama (1 sa a, . ae 
Rise in Rise in 
Rabbit ug No given ByBs pug No given Bales 
No. per kg mm Hg per kg mm Hg 
52 125 34 127 42 
55 127 40 127 36 
56 130 21 126 32 
57 130 3] 130 20 
512 126 510 130 
IIA UE 122 vgs No 118 TRS No 


3 Helmer, O. M., and Page, I. H., J. Biol. Chem., 1939, 127, 757. 
4 Hessel, G., Klin. Wehnschr., 1938, 17, 843. 
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A solution containing 12400 rabbit units was fractionated and the 
resulting precipitate was found to contain 650 R.U. The assay of 
the filtrate showed it contained 11700 R.U.. This is a total recovery 
of 99.6%. In working with small quantities of concentrated solu- 
tions, small unavoidable losses are incurred in the various procedures. 
For example, a solution containing 3100 R.U. gave 2 fractions with 
2740 and 10 R.U. The recovery in this case was 88.7%. 

The simple method for the bioassay of renin, suggested in this 
paper, will make it possible to give data concerning yield and degree 
of purity for each step of the various chemical procedures involved 
in the preparation of renin. 
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Distribution of Body Weight in the Organs and Tissues of the 
Rabbit.* 


CHARLES J. LEVINE, WALTER MANN, Harotp C. Hopeg, I. ARIEL 
AND O. DuPont. 


From the Departments of Radiology and Biochemistry and Pharmacology, School 
of Medicine and Dentistry, University of Rochester, Rochester, N. Y. 


In the study of the distribution of radioactive isotopes in rabbits, it 
is usually convenient to prepare for the counting procedures, 1 or 2 g 
or less of the various tissues. From this sample, the percentage of 
the isotope dose per gram of tissue may be calculated. However, to 
account for all of the isotope dose, it becomes necessary to know 
the total amount of muscle, brain, bone and other tissues in the 
experimental animal. Such data are not available in the literature. 

Procedure, The animals were adult, male, New Zealand albino 
rabbits in good health which had been for several months on our 
stock ration of oats, alfalfa and lettuce supplemented by chow. 

Immediately upon sacrifice, the skin was removed from the body. 
Considerable subcutaneous fat adhered to the skin and was not 
separated from it. 

The viscera weight included the usual viscera, the salivary glands, 
larynx, perirenal fat and also the weight of blood removed in the 
blood volume determinations. 

All the adhering soft tissues were removed from the skeleton. As 


* This work was supported in part by grants from the Rockefeller Foundation 
and from the Carnegie Corporation of New York. 
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each bone was cleaned, it was placed in tap water. When all the 
bones were prepared, they were dried with blotting paper and 
weighed together. The weight of the muscle was obtained by 
difference. 

The fresh bones were dried overnight at 105°C, the fat removed 
by alcohol extraction, and the extracted bones dried on a steam bath. 
The remaining organic matter was removed by boiling in 3% KOH 
solution in ethylene glycol, followed by washing in boiling water. 
The inorganic residue was dried overnight at 105°C. 

Discussion, The brain weight expressed as a percentage of the 
body weight was remarkably constant (about 0.3%) (Table 1). 
The bone percentage was fairly constant. The other tissues (see 
also Table III) showed some variability but in no case did the 
average deviation exceed 6%. These data provide the desired basis 
for the calculation of the distribution of radioactive isotopes in the 
rabbit. 

The distribution of bone constituents for the entire skeleton 
(Table IL) gives a somewhat different picture than is usually obtained 
from analyses of femur or humerus. The average values expressed 
on the wet bone weight basis are as follows: water, 38% ; fat, 9%; 
other organic matter, 20%, and ash, 33%. The organic to inorganic 
ratio is not much different from femur analyses, but the water 
content is high. This may have been an artifact contributed by the 
method of storing the bones. 

TABLE I. 


Percentages of Blood, Skin and Fur, Viscera, Bone, Brain and Muscle in the Rabbit. 
Data are given as percentage of intact body weight. 


Rabbit Blood Skin and 


Rabbit wt, Vol Fur, Viscera, Wet Bone, Brain, Muscle, Recovery, 
No. g Yo Jo To Jo To Jo Jo 
al 3420 13:3 22.0 8.2 0.32 56.3 99.8 
2 3440 7.4 
3 2935 13.9 Dhak 8.4 0.32 50.4 99.8 
4 3160 13:3 25.5 7.8 0.32 53.2 99.8 
5 3050 6.8 13.2 27.8 8.6 0.33 50.4 100.0 
6 3615 6.9 14.9 24.0 7.5 0.30 53.5 99.9 
if 2630 8.2 
8 3560 6.1 13.1 26.1 8.5 0.30 52.3 100.0 
9 3590 6.3 
10 3045 14.5 26.5 oll 0.30 50.5 99.2 
alt 2655 15.0 26.8 7.2 0.34 51.0 100.0 
12 2630 ig 29.8 8.6 0.37 49.4 99°77 
13 2445 11.2 26.9 8.1 53.2 99.4 
Avg 3090 7.0 13.4 26.2 8.0 0.32 52.0 
Avg deviation 0.6 0.9 1.5 0.4 0.02 ise 


*The blood volume figures are not a part of the ‘‘ Recovery’? column. 
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TABLE II. 
Distribution of Weight Between the Various Components of Rabbit Bone. 


Total organic 


Wet wt, Dry wt, Fat, material, Ash, 
Rabbit No. g g © & & 

a) 279 182 28.0 86.0 96.0 

3 248 148 19.1 65.5 82.8 

4 246 156 24.0 73.5 82.5 

5 251 156 24.3 77.8 77.9 

6 270 172 32.0 79.4 92.8 

8 302 176 32.0 91.2 84.6 

ipl 190 119 14.5 56.5 62.5 

29 225 138 17.0 61.7 76.3 

13 198 120 Las 56.0 64.0 

Avg 245 152 23 71.9 79.8 

Avg deviation 27 18 5.4 10.7 8.7 

TABLE IIT. 
Weights of Certain Organs in the Rabbit.” 
Submaxillary 
salivary 
Rabbit body Kidney, Spleen, Adrenal, Heart, Lung, gland, Liver, Thyroid, 
wt, kg g eS g & g g g g 

2.90 23 0.6 0.50 11.2 12 1.4 120 
Bi 2} 20 1.5 0.45 10.0 32 1s 0.35 
2.40 20 ee 0.20 9.0 18 2.4 150 0.20 
2.67 20 1.0 0.45 8.8 16 1.6 US 0.30 
3.40 24 9.4 25 1.8 112 0.35 
3.00 Pal 2.7 0.50 9.1 ils; 1.6 106 0.25 
By) 25 2.0 i alts§ 9.3 als} 1.9 84 0.55 
2.88 18 2.2 0.75 7.6 12 1.4 84 0.40 
3.20 21 1.8 0.60 15.8 27 1.8 133 0.50 
e508) 24 0.45 10.8 19 1.4 m7, 0.35 
3.00 16 1.4 0.40 Web 14 183 146 0.20 
2.81 22 1.4 0.55 10.6 14 oes 137 (Oza 
2.45 18 Wey 0.45 oll 14 1.0 97 0.60 
2.25 1183 1.0 0.73 5.8 12 1.0 66 0.55 
2.64 20 1.6 0.35 8.3 1A 1.2 116 0.24 
272 22 1.2 0.35 Wee 24 al 107 0.42 
2.75 1% 2.0 8.8 22 1.9 108 0.50 
2.03 24 ie 0.25 8.6 a5) iby 98 0.55 
2.82 ala 25 0.50 10.5 12 A? 88 0.30 
Wil O5 0.7 0.50 8.3 20 ibs 89 0.30 
3.35 24 15 0.30 7.6 16 1.6 98 0.22 
3.27 24 35) 0.47 10.6 21 133 97 0.50 
Roll 26 0.9 0.40 ell Sul is? 120 0.55 
2.94 17 eS 0.35 8.2 18 1.8 102 0.35 
3.50 20 2.4 0.45 9.2 By) 1.8 114 0.45 
2.66 24 2.2 0.40 6.0 12 Ales 83 0.50 
2.84 18 255) 0.85 8.2 ils! 0.8 108 0.10 
2.99 28 2.4 0.25 7.6 18 1.4 91 0.25 
3.02 20 iL 5) 0.20 8.4 17 1.4 122 0.20 
2.90 Pal 2.4 0.35 8.3 15 1.2 103 0.35 
2.98 19 We 0.26 UP ial 1.0 91 0.50 
Avg 2.92 21 uy 0.46 9.0 18 eS 105 0.39 

Avg deviation 

0.28 3 0.5 0.14 1.4 5 0.3 16 0.12 


*The distribution of radioactive arsenic in these tissues is given in a report by Ariel, I., 
DuPont, O., and Warren, 8. L., J. Syph. Gonn., in press. 
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Summary. Ten adult, male, New Zealand albino rabbits were 
used to determine the percentages of body weight of blood, skin and 
fur, viscera, bone, brain and muscle. The brain weight is a constant 
percentage of body weight, the bone weight fairly constant and the 
other tissues vary within 6%. 
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Transitory Diminution of Blood Pyruvate in vitro. 


JERoME S. HARRIS AND SAMUEL E. Etcart. (Introduced by 
W. A. Perlzweig.) 
From the Department of Biochemistry, Duke University School of Medicine, 
Durham, N.C. 


In freshly drawn blood with or without added pyruvate, there oc- 
curs first a rapid fall in pyruvate content followed by a later rise.” ° 
These changes are abolished by the addition of iodoacetate.” 

In order to determine whether serum or blood cells are responsible 
for the fall in pyruvate content, freshly drawn human blood was de- 
fibrinated with glass beads and the serum was separated by centrifu- 
gation. The pyruvate content was determined by Lu’s method’ 
modified by the use of tungstic acid protein precipitation. Blood cells 
suspended in saline caused a rapid change in added pyruvate while 
the serum had no effect (Table I). 

The rate and extent of this reaction varied with the blood cell 
suspensions of different subjects. It was not affected by anaerobiosis 
with carbon monoxide or nitrogen. 

TABLE I. 

Protocol: Blood was defibrinated and the serum separated. Red cells were 

washed once in 0.85% NaCl and resuspended in Ringer-PO, Buffer (0.02 M, pH 


7.3) to 50% hematocrit. Both serum and cells after pyruvate addition kept at 
37.5° in water bath with constant slow shaking. 


Pyruvate found, ng/ml 


Pyruvate Theoretical (Time after addition of pyruvate) 
added, content, — = 
ug/ml pg/ml 1 min. 10 min. 30min. 120min. 300 min. 
Serum —83.4 84.1 84.2 83.9 84.0 84.0 
Cells 21.6 22.3 12.7 8.2 ds) 23.3 


1 Wilkins, R. W., Weiss, S., and Taylor, F. H. L., Proc. Soc. Exp. BioL. AND 
Mep., 1938, 38, 296. 

2 Bueding, E., and Wortis, H., J. Biol. Chem., 1940, 183, 585. 

3 Lu, G. D., Biochem. J., 1939, 33, 249. 
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TABLE II. 
Comparison of the Recovery of Pyruvate in Hemolyzed and Unhemolyzed Blood 
Cell Suspensions. 


a ————————————————————— 
% recovery 
(Time after addition of pyruvate) 


1 min. 10 min. 
Blood No. 1—Cell suspension 37.8 21.0 
Cell suspension hemolyzed with saponin 5.3 67.5 
Blood No. 2—Cell suspension 62.4 
Cell suspension hemolyzed by 
freezing and thawing 40.0 


When the blood cell suspensions were hemolyzed, either by the 
addition of saponin or by alternate freezing and thawing, the fall 
in pyruvate content after the addition of pyruvate occurred more 
rapidly and to a greater extent than in the case of the unhemolyzed 
cell suspensions (Table II). 

These differences are probably due to the necessity for penetration 
of the pyruvate into the cells. This can be demonstrated by analysis 
of the fluid and cell portions of a suspension of blood cells after the 
addition of pyruvate. There was an immediate rise in pyruvate 
content of the fluid portion (obtained by centrifugation) followed 
by a slow fall. The cells showed very little rise during this time. 
Apparently, as the pyruvate entered the cells, it reacted and could not 
be recovered. Although the system or substance responsible for this 
change is stable in the intact cell at room temperature, hemolyzed 
cells which had remained at room temperature for one hour failed to 
show the fall in pyruvate content after the addition of pyruvate. 
Cells hemolyzed by the addition of dilute sulfuric acid (0.074 N) 
were also ineffective. 

Bueding and Wortis” have attributed the rapid fall in pyruvate 
content of freshly drawn blood to the cocarboxylase content of that 
blood. In order to test this hypothesis, the (pooled) blood cell sus- 
pension of rats (maintained on a vitamin B, deficient diet until 
marked weight loss and polyneuritis occurred) was divided into 
two portions. To one was added cocarboxylase* (final concentra- 
tion 3.3 mg %). After 10 minutes’ incubation at 37.5°C, sodium 
pyruvate (23 pg pyruvic acid per ml) was added to both cell sus- 
pensions. A drop of 44% occurred in the sample with added cocar- 
boxylase as against 39% for the control. In order to eliminate the 
influence of cocarboxylase penetration of the cells, the same experi- 
ment was repeated using hemolyzed cell suspensions without any 


* Grateful acknowledgment is made to Merck and Company, Rahway, New 
Jersey, for the cocarboxylase used in these experiments. 
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significant differences in the result. As a further control, rats were 
placed on the same deficient diet with the addition of 20 mg thiamin 
chloride daily for an identical period of time. The pooled blood 
cell suspension showed a drop of 34% after addition of 27 pg 
pyruvic acid per ml, which is in agreement with the data obtained 
with the blood of the deficient rats. The hematocrit value of all 

_ blood suspensions was 50%. Hence, it is apparent that drop in blood 
pyruvate is independent of the cocarboxylase content. 

In an attempt to determine the fate of the pyruvate, the oxygen con- 
sumption and the carbon dioxide production were studied by means of 
the Warburg technic.* In spite of the disappearance of 71 and 65 pg 
pyruvic acid in 2 separate experiments, no significant changes in 
oxygen or carbon dioxide pressures were observed. 

In order to determine whether the pyruvate is converted to some 
other ketonic acid im vitro’ a number of experiments were performed. 

7.7 mg sodium pyruvate (equal to 6.16 mg pyruvic acid) were 
added to 80 ml of blood cell suspension containing 0.26 mg pyruvic 
acid. After 10 minutes’ incubation at 37.5°C a sample was taken 
for ordinary analysis (Lu) and the remainder was utilized for the 
isolation of the hydrazone. The total pyruvic acid present at the 
start was 6.4 mg, and 1.03 mg or 16% was found by the method of 
Lu after incubation for 10 minutes. Three mg of the pure 2,4-" 
dinitrophenylhydrazone of pyruvic acid was recovered gravimetri- 
cally corresponding to 0.99 mg pyruvic acid. The hydrazone melted 
at 213-15°C (uncorr. ), did not depress the melting point of synthetic 
2,4-dinitrophenylhydrazone of pyruvic acid, and gave the theoretical 
content of pyruvic acid by Lu’s method. Accordingly, gravimetric 
analysis indicates that the loss is due to an actual disappearance of 
pyruvic acid, and not due to the conversion of some other keto acid 
which might have a smaller color value in Lu’s method. 

Total keto acids were assayed by the method of Lu, extracting the 
hydrazone with 15% sodium carbonate and developing the color 
with 3 N sodium hydroxide. The total ketonic acids always check 
with the pyruvate determinations even when 60% of the added 
pyruvate had disappeared. 

Methyl glyoxal, glyoxal, diacetyl (as the 3-nitro-benzohydrazides ), 
B-ketonic acids (method of Edson’), and acid and alkali hydro- 
lysable derivatives of pyruvic acid could not be demonstrated. 

Determinations of lactic acid® revealed no change during an in- 


4 Dixon, M., Manometric Methods, Cambridge University Press, 1939. 
5 Edson, N. L., Biochem. J., 1935, 29, 2082. 
6 Elgart, S., and Harris, J. S., Ind. Eng. Chem., Anal. Ed., 1940, 12, 758. 
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terval when the pyruvic acid content decreased from 5.75 to 3.58 
mg %. In another experiment the lactic acid rose 0.4 mg % while 
the pyruvate concentration fell 2.54 mg %. This is in accord with 
the findings of Flock, Bollman, and Mann‘ that sodium pyruvate in- 
cubated with blood does not cause any change in lactic acid content. 

It has been reported? that potassium cyanide increases the mag- 
nitude of the disappearance of pyruvate due to a potentiation of 
cocarboxylase action. However, as we have already demonstrated, 
the disappearance of pyruvate does not depend upon cocarboxylase 
content. Furthermore, the addition of the same amount of cyanide 
(final concentration of 0.5% sodium cyanide) to standard solution of 
pyruvate or to serum as well as to blood containing added pyruvate 
results in an almost complete disappearance of pyruvate. This may 
occur either from polymerization of the pyruvate or from cyanohy- 
drin formation. 

Conclusions. 1. The disappearance of pyruvate added to blood 
im vitro is caused by the blood cells and not the serum. 2. Hemolysis 
of the cells by saponin or freezing increases the speed and extent of 
this reaction. 3. The extent and rapidity of the reaction is not al- 
tered by Vitamin B, deficiency of the cell donor, nor by the addition 
of cocarboxylase to the cells im vitro. 4. Anaerobiosis has no effect 
“onthe reaction. 5. The reported effect of cyanide upon the reaction is 
due to an artefact. 6. The pyruvate which disappears is neither 
decarboxylated nor changed to other ketonic acids or lactic acid. 


13127 


Electro-Magnetic Measurement of Blood Flow and Sphygmo- 
manometry in the Intact Animal. 


A. Kottn, J. L. WertssBerc AND L. GerBer. (Introduced by 
B. S. Oppenheimer. ) 


From the Laboratories, Mount Sinai Hospital, New York City. 


The electro-magnetic method of measuring blood flow’ has been 
discussed in detail in previous publications.” * In this communica- 
tion we wish to describe a modification which we believe to be 


7 Flock, E., Bollman, J. L., and Mann, F. C., J. Biol. Chem., 1938, 125, 49. 
1 Kolin, A., Proc. Soc. Exp. Bion. AnD Mep., 1936, 35, 53. 

° Katz, L. N., and Kolin, A., Am. J. Physiol., 1938, 122, 788. 

3 Kolin, A., Proc. Soc. Exp. Bion. AND Mzp., 1941, 46, 235. 

Additional references may be found in 3. 
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more widely applicable to studies in vascular physiology since it 
permits blood flow measurements in the recovered animal over an 
extended period of time* and combines with it a method of sphyg- 
momanometry. 

The principle of this method is based on the fact that an electro- 
motive force is induced in the stream of blood as it moves across a 
magnetic field. This e.m.f., which is proportional to the rate of 
flow, is amplified and photographically recorded. With the exception 
of the magnet the apparatus utilized in the present modification is 
the same as described in reference 3. 

In the present modification a small snugly fitting rubber sleeve 
(R:Fig. 1) containing the pick up electrodes is implanted about the 
given vessel using sterile precautions. The wound is closed and the 
animal is permitted to recover. Thereafter blood flow measure- 
ments may be performed in the intact animal by placing the desired 
part in the gap of a large a.c. electro-magnet. The size and shape of 
the magnet which we employed permitted observation in anesthetized 
animals in somewhat unnatural positions. However, with a suf- 


Lohes 30 ohms 


Fie. 1. 

Cross-section of electro-magnet and potentiometer circuit. P: compensating 
potentiometer. CC: coils. L: laminated iron core. IC: induction coil. S: insu- 
lated wire. R: pick up sleeve (greatly exaggerated in size). A: artery. E, and 
E»: electrodes. SL: slit. G: grounded, flexible shield. PL: location of plug. 


* Thus far our experiments were terminated after a period of 3 days because 
of thrombosis on subsequent handling of the vessel. 
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ficiently large magnetic gap properly arranged animals could be 
placed in comfortable positions and blood flow could be recorded 
without resorting to anesthesia. 

Method. The blood velocity is recorded with a cathode ray oscillo- 
scope. Its deflection is linearly proportional to the rate of flow. 
Since the changes of flow are followed without inertia one can 
easily distinguish between the systolic and diastolic velocities (Figs. 
2 and 3). The recorded curve consists of dots which are spaced 
at intervals of 1/60 of a second when the magnet is fed with a 60 
cycles a.c. A greater continuity of the record can be obtained either 
by slowing down the recording film® or by using an alternating mag- 
netic field of a higher frequency. 

The calibration of the instrument reading in terms of cc/sec was 
performed in all cases by perfusing the excised blood vessel with 
blood and measuring the outflow with a graduate and stop watch. 
For observation of relative changes of blood flow a calibration is 
unnecessary. The average flow during a given time interval can be 
determined by planimetry.* The area of the curve below the base 
line, corresponding to zero flow, is to be considered as negative. 

The method was also adapted for simultaneous determination of 
blood pressure’ by placing minute rubber cuffs, patterned after the 
fashion of the sphygmomanometer, on either side of the pick up 
sleeve. The air pressure within the cuffs is measured and raised 
until the systolic flow pulsations disappear in the oscilloscope. The 
corresponding manometer reading gives the systolic blood pressure. 
We compared pressure readings as obtained by this method in the 
left femoral artery of a dog with pressures determined simultaneously 
in the cannulated right femoral artery and found the results to check 
within 3%. 

Fig. 1 shows diagrammatically the a.c. magnet with the rubber 
sleeve, R, placed around an artery A (greatly exaggerated in size) 
and the compensating potentiometer, P. The rest of the circuit is 
exactly as described previously. The peak value of the magnetic 
field strength was 500 Oersted. The coils, CC, consisted of 300 
turns each and passed 9 amperes when connected in parallel to the 
50 volt terminals of a step down transformer. I C is a small coil 
which supplies the compensating voltage across the potentiometer, P. 
The potentiometer is placed next to the amplifier several yards away 
from the magnet. The connections to the potentiometer are made 
through a single conductor, S, and an “air-plane cable’” whose 
grounded outer conductor is indicated by dotted lines. The voltage 


+ Technic devised by J. L. Weissberg. 
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picked up by the electrodes E, and E, is conducted to the amplifier 
by 2 insulated flexible wires which terminate in a small plug, PL. 
We used enameled cotton covered wires which were held together by 
a coating of “Vultex”. A grounded spiral G (1.8 mm external 
diam) wound of thin copper wire was placed around the lead wires. 
A coating of “Vultex” was applied to its outside as well as to the 
rubber sleeve, R, so that all metal parts were thoroughly imbedded in 
rubber. The sleeve, R, is a section of a catheter about 4 mm long. 
The contact electrodes, E, and E., were made by removing the insu- 
lation at the end of the lead wires and threading them through 2 
stitches into the wall of the rubber tubing. The slot S L was closed 
by tying the silk threads attached to its edges. We prepared sleeves 
of various sizes for different diameters of the artery A which is 
slightly compressed when the sleeve is tied around it. 

Pharmacological Illustrations of the Method. Figs. 2 and 3 
represent the velocity curves obtained from the left femoral artery 
of a 50-lb dog after intravenous nembutal anesthesia 114 days after 
the implantation of the pick up and compression units. The base 
line corresponding to zero flow was checked from time to time by 
occluding the artery with a compression cuff distal to the pick up 
sleeve. Owing to incomplete occlusion there were small systolic 
peaks in the base line. The base line was consequently plotted in 
coincidence with the diastolic level. Average flows were obtained 
by planimetry of sections of an enlarged record (Table I). 

The effect of intravenous injection of 60 gamma of adrenalin is 
shown in Fig. 2.§ Initially there is a marked increase in velocity, 
due to augmented cardiac output, resulting in a 46% rise in peripheral 


TABLE I. 
Avg 
Section of Avg peripheral regurgitation, Avg forward Approx. time 
record flow, ce/sec cee/see flow, ce/sec intervals, see 
Fig. 2A ;00 .67 negligible Betw. 2A and 2B: 30 
7? 2B;00 .98 22 7? 2B and 2C: 90 
79 2C;00 07; 12 19 7? 3A-and 3B: 20 
»? 34300 36 negligible >? 3B and 3C: 60 
> 3B;11 41 ” 
SoBe 2 40 05 45 
FE BE} S88) 50 14 64 
>? 3B;44 84 .04 .88 
23500 62 negligible 


{ Identical experiments were performed with exposed vessels using a small 
magnet (Feitelberg, not published). 

§ Sections A of Fig. 2 and 3 represent normal flow before the injection of the 
drug. The arrows indicate the moment of injection. The time intervals between 
the sections of the record are listed in Table I. 
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blood flow (Fig. 2B). During the following phase peripheral vaso- 
constriction apparently results in a marked elastic recoil of the blood, 
causing a diastolic regurgitation. The resultant average peripheral 
flow is thus reduced to 10% of the normal (Fig. 2.C). The contour 
of the velocity curve is obtained by joining the upper edges of the 
individual dots. The area corresponding to negative flow is, there- 
fore, not as great as might appear at the first glance. : 

The intravenous injection of 25 mg of Papaverin (Fig. 3) is fol- 
lowed by an almost immediate rise in peripheral blood flow reaching 
a maximum of 230% of the normal (Fig. 3 B, Sec. 44) and per- 
sisting at an elevated level for an appreciable period of time (Fig. 
3C). Fig. 3 B shows an interesting gradual change of the diastolic 
contour of the flow tracing which indicates a transient diastolic re- 
gurgitation of short duration. But, as Table I shows, the average 
flow remains above normal even in those sections where the re- 
gurgitation is greatest. 

In the beginning of record 3 B there is a noteworthy prolongation 
of the diastolic interval which is followed by a vigorous systolic 
thrust. 

Summary. A modified electro-magnetic flow meter has been de- 
scribed which may be applied to investigation of a wide variety of 
cardiovascular problems involving flow and pressure measurements 
in intact animals. 
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New Media for the Growth of Bartonella bacilliformis. 


QuENTIN M. Geman. (Introduced by J. H. Mueller.) 


From the Department of Comparative Pathology and Tropical Medicine, Harvard 
Medical School and School of Public Health. 


Liquid, semi-solid and solid media, tissue cultures, and developing 
chick embryos have been utilized for the growth of Bartonella baciulli- 
formis.-*> Of these media, the semi-solid leptospira medium of 


1 Noguchi, Hideyo, and Battistini, Telémaco S., J. Hap. Med., 1926, 48, 851. 

2Samper, Bernardo, and Montoya, Juan Antonio, Rev. Fac. Medicina de 
Bogotd, 1940, 9, 197. 

3 Jiménez, J. F., Proc. Soc. Exp. Bion. AND MeEp., 1940, 45, 402. 

4 Pinkerton, Henry, and Weinman, David, Proc. Soc. Exp. Biop. AnD MEp., 
1937, 37, 587. 

5 Jiménez, J. F., and Buddingh, G. John, Proc. Soc. Exp. Biou. AnD MeEp., 


1940, 45, 546. 
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Noguchi and nutrient blood agar have aided (1) in proving B. 
bacilliformis as the etiological agent of Oroya fever and verruga 
peruana, the two entities of Carrion’s disease in Peru, (2) animal 
experimentation, (3) studies on transmission, and (4) limited im- 
munological studies with the organism. Further progress, particu- 
larly with the biochemical characteristics of the organism and the 
immunology of the disease, has been handicapped by the slowness and 
relatively sparse growth of bartonella in leptospira medium, and 
the difficulty of making suspensions with organisms when grown on 
blood agar. Thus, it was believed that the development of methods 
for cultivating greater quantities of the organisms would stimulate 
attempts to solve some of the current problems of bartonellosis. 

A fruitful approach to the problem of improving known media 
and devising new ones, appeared to be linked with the need in lepto- 
spira medium for serum and particularly a solution of hemoglobin 
from laked red blood corpuscles. The necessity for these ingredients 
indicated that certain vitamins and growth-promoting factors found 
in the cellular elements of the blood might be the key substances 
needed for growth.* Furthermore, B. bacilliformis in Oroya fever 
invades and multiplies within cells of the reticulo-endothelial system,* 
a fact which suggested the possible advantageous use of ingredients 
in monocyte media® * for enhancing the growth of bartonella. 

Extensive experiments with protein digests; blood, yeast, and liver 
extracts; peptones; vitamins and developing chick embryos have 
yielded numerous new media that surpass the results obtainable with 
leptospira medium and blood agar. The preferred media described 
below are considered practical, giving growth of B. bacilliformis in 
measurable quantities. 

Five strains of B. bacilliformis from Peru were used for the ex- 
periments and were isolated as follows: Strain 1, March 10, 1939, 
from a child with acute Oroya fever; Strain 2, August 3, 1939, from 
the proboscis of a wild fed sandfly, Phlebotomus verrucarum, taken 
at Huinco in the Santa Eulalia valley; Strain 3, August 24, 1940, 
from an adult during a third recurring attack of verruga peruana; 
Strain 4, August 7, 1940, from an adult in the Dos de Mayo Hos- 
pital, Lima, who had contracted Oroya fever in the Department of 
Ancash; Strain 5, August 7, 1940, from an adult in the Dos de 
Mayo Hospital, Lima, who had contracted acute Oroya fever in 


* Jiménez (1940) has recently claimed that B. bacilliformis requires the x 
factor from blood but not the v factor from yeast for growth. 

6 Baker, Lillian E., Science, 1936, 83, 605. 

* Baker, Lillian E., and Ebeling, Albert H., J. Exp. Med., 1939, 69, 365. 
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the Santa Eulalia valley. Strains 1, 2, and 3 were isolated by Dr. 
Marshall Hertig during studies on the transmission of Carrion’s 
disease, and Strains + and 5 were isolated by Messrs. Eiseman, Howe, 
and Plimpton during preliminary immunological studies with Car- 
rion’s disease. Sincere acknowledgments are expressed for the 
cultures and also for the arrangements, cordial codperation, and the 
provision of generous facilities for investigation by Director Telé- 
maco Battistini, Instituto Nacional de Higiene y Salud Publica, 
mas 

The liquid tryptone-serum medium is mixed as follows: 75 cc of 
a sterile 1% solution of tryptone’ in distilled water adjusted to 
pH 7.6-7.8, 25 cc of fresh rabbit serum, and 0.2 cc of a sterile 
(Berkefeld N) mixture of ascorbic acid+-glutathione solution (10 
mg ascorbic acid and 40 mg glutathione in 20 cc Ringer’s solution’). 
Place 8 or 10 ce of this mixture in small sterile Erlenmeyer flasks 
(50 cc), incubate for sterility and then inoculate with bartonella. 
Growth (maximum at 28°C) takes place on the bottom of the flask, 
becoming visible as a finely divided sediment within 24 to 48 hours 
and reaching a peak on about the tenth day. Depending upon the size 
of the original inoculum, an amount up to 0.1 cc of packed organ- 
isms can be harvested from each flask. These organisms can be re- 
suspended in 3-5 cc of buffered saline solution pH 7.8-8.0 to make a 
homogeneous suspension for use in testing immune sera for agglu- 
tinins. 

The semi-solid medium is made as follows: Base agar—2 g Bacto- 
agar, 8.5 g sodium chloride, 1000 cc distilled water. Dissolve ingre- 
dients and adjust to pH 7.6-7.8. To 100 cc of this base medium, 
dissolved and cooled to 45°C, add 10 cc of sterile 5% aqueous 
tryptone adjusted to pH 7.6-7.8, 10 cc of fresh sterile rabbit or sheep 
serum, and 0.2 cc ascorbic acid-glutathione solution. Dispense in 
sterile test tubes, incubate, insert rubber stoppers to prevent evapora- 
tion if desired, and inoculate. At 28°C, growth becomes grossly 
visible at 36 to 48 hours and very heavy at about the fifth day. 
Minute inocula that fail to grow out on leptospira medium develop 
very readily on this medium. The medium is colorless and trans- 
parent, characteristics which facilitate early detection and descrip- 
tion of growth. If tubes are kept at room temperature, the period of 
growth is lengthened and subcultures can be made with safety at 
intervals of 6 weeks to 2 months. 

The solid medium is made as follows: Base agar—20 g Bacto- 


+t Courtesy Difco Laboratories, Inc. 
t Courtesy Merck & Co. 
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e r, 20 g tryptone or proteose peptone No. 3, 5 ¢ sodium chloride 
diss oh ete in 1000 cc distilled water and adjusted fo! pH 7.6-7.8. To 
75 cc of sterile and dissolved base agar cooled to 45°C, add 25 cc of 
fresh (rabbit or sheep) serum or, for economical reasons, 25° COOL 
whole defibrinated blood from rabbits or sheep, and 0.2 cc ascorbic 
acid-glutathione solution. Place sufficient quantities in test tubes to 
make a short butt and a long slant. When slants are set, place sterile 
rubber stoppers in the tubes and incubate for sterility. Inoculate the 
slant with B. bacilliformis by the loop method and incubate at 28°C. 
Growth follows the streak of the loop, becoming grossly visible 
within 24 to 48 hours and reaching a maximum in 10 to 14 days. 
Heavy growth takes place also in the water of condensation. The 
transparency of the medium containing serum facilitates observa- 
tion of growth and general morphology of colonies. Single colonies 
of the 5 strains that have been tested are consistent in their mor- 
phology, being smooth, convex, mucoid, and opaque, and reaching a 
maximum diameter of 1-1.5 mm. However, growth is usually in a 
sheet, having a characteristic mucoid and opaque appearance. Since 
the surface of the slant must be moist to obtain maximum growth, 
the organisms can be harvested from the slants very easily by wash- 
ing and careful scraping. Organisms grown on this medium can be 
used for making suspensions, although they are not as easily dis- 
persed as those grown on the liquid medium. If defibrinated blood 
instead of serum is used in the medium, the quantity of growth is 
about the same, but the inclusion of blood cells or laked solutions of 
blood is not necessary for growth or maintenance of bartonella by 
subculture. 

The media described above can be made easily and they give rela- 
tively rapid and luxuriant growth of B. bacilliformis when compared 
with results on older types of media. Thus, measurable quantities 
of the human bartonella can now be grown to permit bacteriological 
and immunological studies, the results of which hold promise of 
leading to methods for the control of Carrion’s disease. This pos- 
sibility assumes added significance when it is remembered that new 
foci of Carrion’s disease have been reported in Colombia and Ecuador 


in recent years, and that no satisfactory treatment for the disease 
is known. 


a 


§ Courtesy Difco Laboratories, Ine. 
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Site of Vitamin A Storage in the Liver. 


ALVIN J. Cox. (Introduced by William Dock.) 


From the Department of Pathology, Stanford University School of Medicine, San 
Francisco. 


While it is generally accepted that the liver is the major depot for 
storage of Vitamin A in the body, the exact site of deposition of this 
substance has not been clearly defined. After administration of 
large doses of Vitamin A to animals, accumulation of a stainable 
lipoid in the Kupffer cells has been reported.» ? However, others 
have seen little change in the Kupffer cells, and one report® describes 
lipoid deposition in the hepatic cells under these conditions. Pop- 
per’s studies with the fluorescence microscope* suggest that Vitamin 
A is stored in both hepatic and Kupffer cells. In some cases of 
cirrhosis of the liver the Vitamin A stores are much depleted, and it 
has been pointed out® that this depletion is most marked in cases 
where active degeneration of liver cells is present, although histo- 
logical evidence of Kupffer cell damage has not been noted. Lasch® * 
has provided the best evidence that the storage occurs in the Kupffer 
cells. He found decreased storage of administered Vitamin A in 
the livers of rabbit and guinea pigs after blockading the reticulo- 
endothelial cells with a mixture of thorotrast, trypan red, trypan blue, 
and ferric oxide. He noted further that severe poisoning with 
phosphorus, which damaged the hepatic cells, caused no decrease in 
the ability of the liver to store this vitamin. 

A study of 3 human cases which had passed through an episode 
of massive necrosis of the liver has yielded evidence that the hepatic 
parenchymal cells are not essential for Vitamin A storage. In each 
of these cases large amounts of liver substance had been converted 
to vascular connective tissue in which there were many small bile 
ducts but no demonstrable hepatic cells in histological sections. Each 
liver contained large, quite sharply demarcated nodules of normally 
arranged liver tissue with moderate enlargement of the hepatic cells 


1 Domagk, G., and Dobeneck, P., Virch. Arch., 1935, 290, 385. 

2 Strauss, K., Beitr. z. path. Anat., vu. z. allg. Path., 1934, 94, 345. 

3y. Drigalski, W., and Laubmann, W., Kl. Wehnschr., 1933, 12, 1171. 
4 Popper, H., Proc. Soc. Exp. Bion. AND Mmp., 1940, 43, 133. 

5 Cox, A., Am. J. Path., 1939, 15, 647. 

6 Lasch, F., Kl. Wehnschr., 1935, 14, 1070. 

7 Lasch, F., and Roller, D., Kl. Wehnschr., 1936, 15, 1636. 
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TABLE I. 
Vitamin A Content of Liver. 
Interval following Altered _ Intact 
initial jaundice liver tissue liver tissue 
Case 1 (70-631) 3 weeks + 4. ++ 
Case 2 (8C-527) Gye ae Lp. +4 
Case 3 (9C-415) 6 mo. +++-+ ++ 


which showed no sign of injury. The appearance in each case indi- 
cated that the injurious agent had ceased acting before the patient 
died. 

It was possible grossly to select portions of each liver which were 
made up largely of tissue free from hepatic cells, and to compare the 
Vitamin A content with that of nodules containing liver cells from 
the same liver. The Vitamin A determinations were made by using 
the Carr-Price antimony trichloride reaction on chloroform extracts 
of weighed samples of fresh liver dehydrated by grinding with an- 
hydrous sodium sulphate. The blue color which developed was com- 
pared with permanent color standards which had been calibrated 
against a Vitamin A solution of known strength. 

The quantity of Vitamin A recorded as +-+- is estimated at 
about 250 international units per gram of liver, approximately the 
average amount in livers obtained at autopsy. -+-+ indicates half 
of this amount and +-+-+-+ refers to twice this value. 

Although rough, these measurements show conclusively that in 
liver tissue from which the hepatic cells had been removed by pre- 
vious massive injury (in one case the disease was related to cincho- 
phen administration) the Vitamin A store was greater than in the 
portion containing hepatic cells, and therefore must have been stored 
elsewhere than in these cells. It is difficult to identify Kupffer cells in 
histological sections of the abnormal liver tissue because of the lack 
of any relationship to hepatic cell cords, and frequent absence of any 
other specific characteristics. However, in such regions there are 
scattered large spindle-shaped cells which contain fine fatty granules 
and particles of brown iron containing pigment. These are pre- 
sumably Kupffer cells, and it is probable that the Vitamin A in the 
livers was stored in such cells. This conclusion implies that agents 
which produce massive liver necrosis may cause relatively little injury 
to Kupffer cells. 

The greater concentration of Vitamin A in the abnormal regions 
than in the intact liver tissue may be due to concentration of Kupffer 
cells in the injured areas from which hepatic cells had been removed, 
and to hypertrophy and hyperplasia of the hepatic cells in the un- 
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damaged portions, thus separating the Kupffer cells and decreasing 
their number per unit weight of tissue. 

The character of the injury in portal cirrhosis of the liver is 
quite different from that which has been described above, and it is 
possible that accompanying injury to the Kupffer cells results in the 
very low Vitamin A stores in this disease. However, the cause may 
be an insufficient supply of the vitamin, either because of impaired 
conversion of carotin in injured liver cells or inadequate intake of 
Vitamin A in patients with this disease. 

Summary. In 3 cases of healed massive necrosis of the liver 
Vitamin A was more abundant in the parts of the liver from which 
hepatic cells had disappeared than in those where these cells had 
not been destroyed. Presumably it was stored in the Kupffer cells, 
which had been spared by the agent which produced the necrosis. 
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Trypanocidal Action of 3-Nitrobenzoic Acid and Some 
Derivatives. 


SANForD M. RosENTHAL AND Huco Bauer. (Introduced by 
M. I. Smith.) 


From the Division of Chemotherapy, National Institute of Health, Washington, 
DC. 


Various sulfonamide derivatives prepared in this laboratory have 
been tested against Trypanosome equiperdum with negative results. 
4-Nitrobenzoic acid which has a slight antibacterial action’? was 
found to have a trace of trypanocidal activity. Investigation of the 
isomers revealed that the meta derivative showed increased activity 
against trypanosomes, although without effect upon bacteria ; 2-nitro- 
benzoic was inactive against both types of infection. A review of 
the literature revealed that Morgenroth found 3-hydroxybenzoic acid 
to possess some trypanocidal action.* 

A more detailed study of 3-nitrobenzoic acid and some derivatives 
was undertaken. Mice were inoculated intraperitoneally with a quan- 
tity of trypanosomes that would cause death in 3 to 5 days. Therapy 
was usually begun on the second day after inoculation. The dosage 


1 Mayer, R. L., and Oechslin, C., Compt. rend. Soc. Biol., 1939, 130, 211. 
2 Rosenthal, S. M., and Bauer, H., U. S. Pub. Health Rep., 1939, 54, 1317. 
3 Morgenroth, J., and Rosenthal, F., Berlin. Klin. Wschnschr., 1912, 49, 134. 


336 TRYPANOCIDAL ACTION OF NITRO COMPOUNDS 


used was in most cases one-half of the maximum tolerated single 
dose; this was repeated daily for 3 to 6 days to surviving animals. 
A few of the compounds were synthesized by one of us (H.B.). The 
others were obtained from Eastman Kodak Company. 

The average survival time was calculated from the day of inocula- 
tion, using a maximum of 30 days. 

Compounds with some activity are shown in Table I. The follow- 
ing derivatives also showed traces of activity; dosages in grams per 
kilo, administered subcutaneously, are shown in parenthesis. The 
soluble sodium salts of the acids were employed. Insoluble com- 
pounds were injected in olive oil. Dosages represent approximately 
one-half the single M.T.D. 

3-Nitrobenzyl chloride (0.5), 3-nitrohippuric acid (2.0), 5-nitro- 
salicylic acid (0.5), and 3,5-dinitrosalicylic acid (0.1). 

The following compounds were inactive : 

2-Nitrobenzoic acid (0.5), 3-nitrophenol (0.25), 3-nitrochloro- 
benzene (0.25), 3-nitrobenzene sulfonamide (0.25), 3-nitrobenzene 
sulfonic acid (1.0), 3-nitrobenzoyl-2-amino-pyridine (0.4), 3-nitro- 
anisole (0.5), 3-nitrophenetole (0.5), 3-nitroacetophenone (0.5), 
3-aminobenzoic acid (2.0), 3-aminobenzene sulfonamide (1.5), 
nicotinamide (1.0), isophthalic acid (1.5), 3-nitrophthalic acid 
(2.0), 4-nitrophthalic acid (2.0), 3-nitrophthalimide (1.0), 3-nitro- 
salicylic acid (0.5), 3,5-dinitro-benzoic acid (0.25), 2,4-dinitro- 
benzoic acid (0.5), 3-nitro-4-hydroxy-toluene (0.5), 3-nitro-2- 

TABLE I. 


Trypanocidal Action of 3-Nitrobenzoie Acid and Some Related Compounds. Doses 
in most cases represent one-half the maximum tolerated single dose. 


Avg 
No. of survival 
Compound Route g/kilo x days mice (days) 
3-Nitrobenzoate sodium S:¢> x6 60 13.3" 
DM a ue oral EDEXIO 10 yal 
3-Nitrobenzoie acid (in oil) 8.c. 5x4 30 6.8* 
3-Nitrobenzyl alcohol Fey 8.¢. x6 10 5.8 
3-Nitrobenzal chloride oe S.c. 5x2 10 3.9 
Ho ae a2 se eS 8.c. 10) se 9 5.7 
3-Nitrotoluene sete S.¢. 25X38 10 3.6 
3-Nitrobenzoate methyl eae. 8.¢. Ox4 10 8.2 
3-Nitrobenzoate ethyl ea Sic: 5x4 10 6.2 
3-Nitrobenzaldehyde Tae. 8.¢. ox3 10 3.5 
3-Hydroxybenzoate sodium 8.c. 0x3 10 3.0 
Bd be Hed 8.C. 15x 4 10 5.5 
3-Brombenzoate ey 8.c. 25 X3 10 5.1 
Nicotinie acid 92 8.C. UO >< 33 10 4.0 
4-Nitrobenzoate an 8.¢. 0x6 10 4.9 
Controls 125 Cale 


*Average of several experiments. 
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aminotoluene (0.25), 3-nitro-4-aminotoluene (0.5), 3-nitro-2-iodo- 
toluene (0.4), 3-nitro-4-amino-anisole (0.5), 3-nitro-4-amino- 
phenetole (0.75), 3-nitro-4-acetylaminophenyl acetate (0.5), 
3-nitrodiphenylene oxide (0.5). 

The blood of most animals was cleared of parasites at the termi- 
nation of therapy with subcutaneous injections of 3-nitrobenzoate, 
but the incidence of relapses was high and only 16% of the series 
remained parasite free. None of the derivatives reported herein 
proved of greater activity. 

That the nitro group is not essential is shown in that some activity 
was retained by 3-hydroxy- and 3-brom-benzoic acid and by nico- 
tinic acid. 

The importance of the carboxy group is shown in that only those 
derivatives were active which contained this group or a closely related 
radical which could be converted into it. Replacement by OH or sub- 
stituted OH groups, by Cl, SO;H or SO.NH, abolished activity. 

3-Nitrobenzoate shows some action against trypanosome equi- 
perdum in vitro. Concentrations up to 0.1% bring about marked 
swelling of the organisms with decrease in motility after exposure of 
one hour at room temperature. The ortho isomer was without effect. 

Certain differences between bacterial and trypanosome chemo- 
therapy were noted. While sulfanilamide and 4-nitrobenzoate are 
more active against streptococci by mouth than by subcutaneous 
injection, this relationship was reversed with 3-nitrobenzoate upon 
trypanosomes. While 4-aminobenzoic acid antagonizes the anti- 
bacterial action of the former compounds, 3-aminobenzoic acid and 
nicotinamide did not antagonize 3-nitrobenzoic acid. 

In view of the relationship of 4-nitrobenzoic acid to sulfanilamide 
in bacterial chemotherapy, the possibility of obtaining more active 
trypanocidal agents related to 3-nitrobenzoic acid deserves further 
study. 
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I. Acute Hypoglycemia in Newly Born Pigs. 
(So-called Baby Pig Disease). 


Rosert GRAHAM, JESSE SAMPSON AND H. R. Hester.  (Intro- 
duced by F. W. Tanner.) 


From the Division of Animal Pathology and Hygiene, University of Illinois. 


During the past 8 years sporadic outbreaks of an unidentified, 
highly fatal malady of newly-born pigs have come to the attention 
of the Hlinois Agricultural Experiment Station. This, or an indis- 
tinguishable malady, has been arbitrarily referred to as baby pig 
disease.* In connection with different outbreaks on widely separated 
farms an increasing number of naturally affected pigs has been 
delivered to the laboratory for examination, while a limited number 
of affected herds has been inspected to observe methods of managing 
the pregnant sows. So far as could be determined the rations fed 
the pregnant sows appeared adequate. However, further informa- 
tion regarding the relation of feeding of the pregnant sow to the 
disease in newly-born litters is desirable. 

Pigs that suffer from the disease referred to present a character- 
istic syndrome. In typical outbreaks newly-born pigs, though ap- 
parently normal at birth, suddenly develop symptoms. Pigs that 
immediately display similar or indistinguishable symptoms at birth 
are purposely excluded from consideration in this report. In the 
typical syndrome, apparently normal litters at approximately 24 to 
48 hours of age show symptoms of shivering, dullness and inap- 
petence. Affected pigs often emit a weak crying squeal. Coincident 
with the loss of appetite and weakness, the hair coat becomes rough 
and the affected pigs leave the nest and lapse into coma. Death of 
several or all pigs in the affected litters often occurs within 24 to 
36 hours after the first symptoms are manifested. The extent of 
the loss has ranged from one to 22 litters, representing approxi- 
mately 5 to 95% of the pigs farrowed in some herds. 

At autopsy no gross pathologic lesions have been observed. Sup- 
plementing gross autopsy examination of typically affected pigs re- 
peated efforts have been made to demonstrate in the tissues the 
presence of pathogenic agents such as bacteria, filtrable viruses, pro- 
tozoa and toxins. The results proved negative. Failure to reproduce 
the disease experimentally or to demonstrate the presence of an in- 


* Mimeographed release (Rev. 1940), College of Agriculture, Extension Service. 
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fectious agent prompted a chemical examination of the blood. An- 
alyses for calcium, inorganic phosphorus, and ketone bodies revealed 
values within the normal range for these constituents. However, 
abnormal amounts of blood sugar have been consistently encoun- 
tered.’ The sugar level ranged from approximately 3 to 61 mg per 
100 cc. In one series of 20 affected pigs from 7 different litters, an 
average of 26 mg of sugar per 100 cc of blood was found. The 
blood sugar level in normal pigs of the same age ranged from 99 to 
131 mg per 100 cc with an average of 113 mg. 

A possible prenatal influence on this pathologic condition in newly- 
born pigs is obviously suggested; but until the underlying cause or 
causes are established, the cryptogenic nature of the acute hypogly- 
cemia is recognized. Contributory evidence in support of the possible 
primary significance of acute hypoglycemia has been observed in the 
therapeutic response in naturally affected pigs following repeated 
injections of glucose solution. Pigs in the early stage of the disease 
show improvement in 2 to 3 hours following dextrose therapy, while 
repeated injections of dextrose together with forced feeding of milk 
have demonstrated that the life of naturally affected pigs may be 
prolonged and that in some cases the treated pigs may recover. How- 
ever, glucose therapy even if repeated appears ineffective in the 
terminal stages of the disease. 
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Influence of Sucrose upon Production of Serologically Reactive 
Material by Certain Streptococci. 


James M. NEILL, Joun Y. Succ, Epwarp J. HEHRE AND 
EVELYN JAFFE. 


From the Department of Bacteriology and Immunology, Cornell University 
Medical College, New York.* 


This paper deals with the potential capacity of certain streptococci 
from man to produce material reactive with types 2 and 20 anti- 
pneumococcus and with antileuconostoc serums. The point of major 
interest is the influence of sucrose upon the production of the reactive 
material. 


+t The blood sugar was determined by the Shaffer-Hartmann-Somogyi method 
according to the technic of Koch. (Koch, F. C., Practical Methods in Biochem- 
istry, Williams and Wilkins, Baltimore, 1934.) 

* Aid was received by a grant from the Ruth B. Ettinger Fund. 
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It has long been known that some bacteria, especially Leuconostoc 
mesenteroides, produce abundant amounts of polysaccharide when 
grown in media containing sucrose but produce little or none when 
Sater common carbohydrates are substituted for sucrose. We’ 
have found that the leuconostoc polysaccharides (dextrans) are 
reactive not only with antiserums of leuconostoc but also with anti- 
serums of types 2 and 20 (and sometimes also of type 12) pneumo- 
cocci. This newer evidence showed that the influence of sucrose upon 
the formation of the leuconostoc dextrans actually represented an 
example of the influence of a particular carbohydrate constituent of 
the culture medium upon the capacity of a microorganism to elabo- 
rate a serologically reactive polysaccharide. A study was then made 
to determine if the same or a similar phenomenon occurred among 
other sucrose-fermenting bacteria particularly among streptococci. 

That some streptococci from man produce large amounts of 
“slime” or gum-like material when grown on sucrose media is an 
old observation. Hlava’ isolated streptococci from patients with 
scarlet fever and other infections which were so similar to the 
common leuconostoc from plants in respect to mucoid colonies on 
sucrose and non-mucoid colonies on glucose media that he called 
them Leuconostoc hominis. Later Oerskov and associates*® found 
that normal throats also had streptococci that produced large amounts 
of gum from sucrose or raffinose but not from other common carbo- 
hydrates. Recently Sherman and his associates* have reported that 
some members of the Streptococcus salvarius group possess the prop- 
erty of forming mucoid colonies on sucrose but not on glucose agar ; 
their data on the serological properties of the polysaccharide formed 
by those streptococci have not yet been published. In addition to these 
reports there probably have been a number of unreported observa- 
tions of the influence of sucrose upon the mucoid appearance of 
streptococcus cultures. 

For the present study a collection of streptococci principally of 
human origin and a number of other sucrose-fermenting bacteria 
were tested. The AUR Sea: consisted of 30 group 4, 
5B,3C,8D,2E,5F,10G,8H,7 K, 2 “indifferent” strains which 
would be eee as aes salivarius, and 3 strains of Strep. lactis 

which were obtained through the courtesy of Dr. Sherman ; most of 


1 Sugg, Ge , and Hehre, I E. as in press. 
2 Hava, J., C. Bakt., 1902, 32, 263. 


e.Oorskon J., and Senrety K. A., Z. Bakt. I. Orig., 1931, 120, 125; Koch, 
FP. E., Z. Bakt. I. Orig., 1934, 130, 381. 


4 Maven C. F., Smiley, K. L., and Sherman, J. M., J. Bact., 1941, 41, 479. 
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the other streptococci were kindly supplied by Dr. Lancefield; all 
except 4 of group D fermented sucrose with acid production. The 
other bacteria tested were 5 strains of lactobacilli from plants, 5 of 
Friedlander 4, B, and C; and one each of aerogenes (4 11), coli 
communior, proteus, and a spore-forming bacillus. For comparison 
with the streptococci the data on the serological properties of a col- 
lection of 28 strains of leuconostoc are included. These strains had 
been isolated from various plants obtained from diverse geographical 
sources ; their mutual properties of fermenting sucrose and pentoses 
might justify the term Leuconostoc mesenteroides’ for all of them. 
The chemical and serological properties of the leuconostoc dextrans 
have been described in another paper.t. (In view of the serological 
relationship which will be shown to exist between them it should 
be noted that the leuconostoc strains can be clearly differentiated 
from the group H streptococci on the basis of other properties, among 
which are the failure of any of the group H to ferment arabinose 
or xylose and the higher optimum temperature for growth of the 
streptococci. ) 

Equal amounts of each of the strains were inoculated into 2 tubes 
of medium consisting of 2% Neopeptone, 0.5% sodium chloride, 
and 0.2% anhydrous disodium phosphate plus 1% dextrose or 1% 
sucrose. After 5 days of incubation the cultures were centrifuged 
and the supernatant fluids after being neutralized and heated at 
70°C for 30 minutes, were used as antigens. Each antigen was 
tested in 1:10 and 1:100 dilutions against 1:10 dilutions of types 2, 
20, 12 and 1 antipneumococcus serums and against the antiserums 
of two strains of Leuconostoc mesenteroides which are designated 
A and B in the protocol; the fluids which reacted in the 1:100 dilu- 
tion were tested in 1:1,000 and 1:10,000 dilution. The pneumo- 
coccus serums had been produced by immunization of rabbits with 
bacteria grown in meat infusion peptone broth without added car- 
bohydrate; the leuconostoc serums with bacteria grown in media 
containing sucrose. The results are summarized in Table I. 

It is evident (Table I) that when grown in sucrose broth all of 
the leuconostoc and 7 of the 8 group H streptococci produced large 
amounts of material which was reactive with the antiserums of 
types 2 and 20 pneumococci and of the two strains of leuconostoc; 
the material produced by 4 of the leuconostoc strains had the addi- 
tional property of reacting with type 12. In contrast in the culture 
mediums in which dextrose was substituted for sucrose, none of the 


5 Hucker, G. J., and Pederson, C. S., in Bergey’s Manual of Determinative Bac- 
teriology, Baltimore, 1939, p. 359. 
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leucouostoc or group H streptococci produced detectable amounts of 
the reactive material. That the capacity of elaborating it from su- 
crose is not as frequent among all groups of streptococci as among 
the group H variety is suggested by the negative results obtained 
with the strains of other groups which were tested. A more com- 
prehensive collection will be studied in order to get better information 
on its occurrence among streptococci. 

The group H strains which reacted had been isolated from throats ; 
six were originally from Dr. Hare’s® collection ; one had been isolated 
by Dr. Julia M. Coffey in the laboratories of the New York State 
Department of Health. All of these strains were as non-reactive 
when grown in maltose or lactose broth as when grown in dextrose 
broth. 

In order to distinguish between the antigen involved in the usual 
Lancefield grouping test and the antigens involved in the described 
reactions of the sucrose cultures of group H streptococci the fol- 
lowing experiment was made. Two of the strains of group H strep- 
tococci which had reacted with the pneumococcus and leuconostoc 
antiserums were grown in meat infusion peptone broth containing 
1% dextrose and in the same medium containing 1% sucrose. The 
18-hour-old cultures were centrifuged at high speed and the super- 
natant fluids removed as completely as possible from the sedimented 
bacteria. The bacterial cells were then washed with physiological 
salt solution and recentrifuged. An HCl-extract of the washed cells 
was then prepared by the usual Lancefield’ procedure. The super- 
natant fluids and the HCl-extract of the washed cells obtained from 
the dextrose and the sucrose cultures of the two strains were tested 
in a series of dilutions against 1:10 dilutions of the following rabbit 
antiserunis: Group H streptococcus (which was kindly supplied by 
Dr. Lancefield), leuconostoc (A and B) and types 2, 20, 12 and 1 
pneumococcus; the streptococci used for the immunization had been 
grown in broth containing dextrose, the leuconostoc in broth or agar 
containing sucrose and the pneumococci in broth containing no added 
carbohydrate. The results are in Table II. 

The chief point in the results (Table IL) was that when tested 
against the streptococcus H antiserum both the supernatant fluids 
and the HCl-extracts obtained from the dextrose both cultures 
reacted in as high dilution as did the corresponding materials obtained 
from the sucrose broth cultures. This point indicates that the 
antigens reactive with the group H antiserum are different from 


6 Hare, R., J. Path. Bact., 1935, 41, 499. 
7 Laneefield, R. C., Proc. Soc. Exp. Biot. AnD Mup., 1938, 38, 473. 
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those involved in the reactions of the pneumococcus and leuconostoc 
antiserums. 

Another item of interest is the comparative amounts of the ma- 
terial reactive with the different serums which are contained in the 
supernatant fluids of the sucrose broth cultures. For example, the 
supernatant fluids of the 7 strains of the group H streptococci grown 
in that medium invariably reacted in 1:1,000 and often in 1:10,000 
dilution against the pneumococcus and leuconostoc serums whereas 
in experiments made against group H antiserums none of the same 
fluids reacted in 1:100 dilution and the majority failed to react in 
1:10 dilution. 

A polysaccharide has been prepared from sucrose broth culture 
of one of the group H streptococci and although its study is not 
completed it has been proved to be a dextro-rotatory substance. Fur- 
ther investigation of the relationships of this polysaccharide to the 
leuconostoc dextrans’ has been delayed until we obtain potent anti- 
serums by immunization with group H streptococci grown in sucrose 
media. 

Summary. When grown in sucrose broth some strains of group 
H streptococci produced large amounts of material reactive with 
types 2 and 20 antipneumococcus and with antileuconostoe serums; 
little or none was produced by the same streptococci when grown in 
dextrose broth. This reactive material was different from the 
streptococcus antigen involved in the usual Lancefield grouping test; 
as much of the latter was produced in dextrose as in sucrose broth 
culture. 

In addition to indicating an interrelationship of the different Gram- 
positive cocci the data furnished an example of the influence of a 
particular carbohydrate upon the capacity of some microorganisms 
to elaborate a serologically reactive polysaccharide. 
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A Selective Medium for the Isolation of Streptococcus salivarius. 


KenNETH D, Rose AND Cart E. Georcr. (Introduced by 
He GQ rcteks) 


From the Department of Bacteriology, University of Nebraska, Lincoln. 


Restaurant eating utensils have long been recognized as potential 
vectors in the transmission of respiratory and related diseases. Ex- 
tensive investigations have been reported by many workers con- 
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cerning technics applicable to sanitary surveys of restaurants. Their 
results have consistently demonstrated the appearance of Gram- 
negative bacilli and Gram-positive rods and micrococci on washed 
glasses. Recent trends have been directed toward the use of an or- 
ganism, normal to the human mouth, as an index for the study of 
oral pollution. For the detection of a specific bacterium in a mixed 
population occurring on washed glasses, an inhibitory medium is 
desirable if not essential. These investigations concern the develop- 
ment of a selective medium for the isolation of a specific oral strep- 
tococcus, the presence of which on drinking glasses may be used as an 
index of salivary contamination. 

Fleming and Young* and Bornstein,’ utilizing the inhibitory 
powers of potassium tellurite on Gram-negative bacteria, employed 
this salt in media used for the isolation of fecal streptococci. Dick 
and Hucker*® demonstrated that a 1 :400,000 concentration of crystal 
violet inhibited Gram-positive rods and micrococci in enrichment 
broths intended for primary isolations of streptococci from washed 
glasses. Niven, et al.,* reported mucoid colony formation by certain 
“typical” strains of Streptococcus salivarius, characterized by Saf- 
ford, et al.,? when cultured on a substrate containing sucrose. Com- 
bining these 3 factors, a medium was developed which would ef- 
fectively eliminate Gram-negative bacteria and Gram-positive rods 
and micrococci from mixed cultures, but permitting “typical” Strep- 
tococcus salivarius to grow with a characteristic gummy or mucoid 
colony. 

Methods and Results. Twenty species of Gram-negative and 
Gram-positive organisms and 14 strains of Streptococcus salivarius 
were employed in these experiments. Plates of the basal substrate 
containing varying amounts of the inhibitory substances were 
streaked with 24-hour-old broth cultures and incubated for 48 hours 
at 37°C prior to observation. The concentrations of the inhibitory 
agents arrived at and yielding the more promising results were de- 
termined as 0.03% potassium tellurite and 1:500,000 crystal violet. 
These concentrations agree favorably with those used by Garrod.° 
The basic substrate used was a modification of that suggested by 
Safford, et al.,’ and is as follows: 


1 Fleming, A., and Young, M. Y., J. Path. and Bact., 1940, 51, 29. 

2 Bornstein, 8., J. Bact., 1940, 39, 383. 

3 Dick, L. A., and Hucker, G. J., J. Milk Tech., 1940, 3, 307. 

4 Niven, F., Jr., Smiley, K. L., and Sherman, J. M., J. Bact., 1941, 41, 479. 
5 Safford, C. E., Sherman, J. M., and Hodge, H. M., J. Bact., 1937, 33, 263. 
6 Garrod, P., St. Barth. Hosp. Rep., 1933, 66, 203. 
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Proteose peptone (Difco) 5.0 g 

Beef extract (Bacto) aya) 7 
Yeast extract (Bacto) YO) 22 
Glucose 1) 24 
Sucrose LOTOM 2 
KoTeOz (1%) 30.0 ml 
Crystal violet (1%) On 2 
Agar (Bacto) 15.0 g 

Distilled water to make 1000.0 ml 


Adjust to pH 7.4 


Aqueous solutions of potassium tellurite and crystal violet were 
added aseptically after the basal medium had been autoclaved at 
15 Ib for 15 minutes. The effect of potassium tellurite, crystal violet 
and sucrose upon the growth of test organisms and on gum formation 
by Streptococcus salivarius is shown in Table I. 

The colony formation is somewhat different from that described 

TABLE I. 


Effect of 0.03% Potassium Tellurite and 1:500,000 Crystal Violet on 21 Bacterial 
Species. 


Medium 
No. of 
Bacterial species strains 


Streptococcus salivarius (typical strains) * ae 
Streptococcus salivarius (atypical strains) * 
Streptococcus species (from chicken feces) 
Streptococcus lactis 

Streptococcus liquifaciens 

Streptococcus pyogenes 

Streptococcus equi 

Streptococcus agalactie 

Bacillus subtilis 

Bacillus mycoides 

Bacillus megatheriwm 

Staphylococcus aureus 

Staphyiococcus albus 

Gaffkya tetragens 

Lactobacillus delbrickit 

Mycobacterium lacticola 

Escherichia coli 

Aerobacter aerogenes 

Eberthella typhosa (Hopkins) 

Shigella dysenterie 

Salmonella schottmuellerii 

Neisseria catarrhalis 


+ 
+ 
+ 
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“One atypical and 2 typical strains obtained from Dr. J. M. Sherman, Cornell 
University. 


+-+ Good growth. 
+ Gum formation. 


Medium A = Basal substrate without inhibitory agents. 
fee B ase ad + 0.03% potassium tellurite. 
> 9? 
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by Niven, et alt Streptococcus salivarius produces surface colonies 
4 to 5 mm in diameter and hemispherical in shape. Potassium 
tellurite is generally precipitated as metallic tellurium at the 
periphery of the base of the colony while the crystal violet appears 
as a bluish halo in the medium directly surrounding the colony. 

Before any practical application of this medium could be made, 
the distribution of the gum-forming “‘typical’” Streptococcus saliva- 
rius had to be determined. Swabbings from human lips, washed 
and unwashed glasses, floor dust, storage trays and drain boards 
were obtained using the technic of Winslow and Sanjiyan,’ modi- 
fied by employing rolled cotton swabs instead of flannel-covered 
discs. Inocula from enrichment cultures of tap, wash and rinse 
waters were streaked on the selective medium. Restaurant air sam- 
ples were obtained by exposing plates of the selective medium for 
15 minutes. All plates were incubated at 37°C for 48 hours and then 
examined for the characteristic gummy colony of Streptococcus sali- 
varius. The results of these distribution studies appear in Table II. 
Six of 50 strains of gum-forming streptococci isolated were studied 
critically. Their biochemical and cultural characteristics were found 
to be similar to the “typical” Streptococcus salivarws described by 
Safford, et al.° 

Conclusions. A medium has been developed on which a specific 
oral streptococcus can be selectively isolated from mixed bacterial 
populations. The value of this selective medium as a detector of 
oral contamination of restaurant eating utensils is indicated by the 
distribution studies, which show that this bacterium is found nor- 
mally in the human mouth and on articles which have come in direct 
contact with human lips. 


TABLE II. 

Recovery of ‘‘ Typical’? Streptococcus salivarius from Various Sources. 

Samples S. salivarius S. salivarius 
Source No. No. % 
Human lips 45 42 93.4 
Unwashed glasses 40 18 45.0 
Washed glasses 40 4 10.0 
Drain boards 6 3 16.6 
Storage trays 9 0 0.0 
Dust (Washroom) 12 2 16.6 
Dust (Service area) 12 i 8.3 
Tap water 5 0 0.0 
Wash water 5 0 0.0 
Rinse water 5 0 0.0 
Air (Washroom) 3 0 0.0 
Air (Service area) 6 0 0.0 


7 Winslow, C.-E. A., and Sanjiyan, D. H., J. Bact., 1924, 9, 559. 
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Neutralization of Angiotonin by Normal and by Ischemic 
Kidney Blood Plasma. 


MEYER FRIEDMAN. 


From the Harold Brunn Institute for Cardio-Vascular Research, Mount Zion 
Hospital, San Francisco, Calif. 


The blood' leaving the partially ischemic kidney has been found to 
differ from normal systemic blood in that it contains a pressor sub- 
stance similar to angiotonin’ in its physiological action, but dis- 
similar in its chemical properties. 

In the present communication evidence is presented which indi- 
cates that blood leaving the hemodynamically altered kidney also 
differs from normal blood in its comparative inability to neutralize 
the pressor action of angiotonin. 

Methods. In each of 6 experiments a dog was anesthetized with 
pentobarbital sodium. Sufficient arterial blood was then obtained by 
femoral puncture for 3 samples (5 cc each) of plasma. The left 
kidney of each dog was exposed, the left renal artery partially 
clamped, and 75-100 cc of renal venous blood were collected as 
described in a previous report.t Purified heparin (Connaught) was 
used as the anti-coagulant. Five samples (5 cc each) of plasma 
were obtained from this renal blood collection. Thus, from each dog 
3 samples of normal blood plasma and 5 samples of ischemic kidney 
plasma were obtained. Angiotonin (0.2 to 0.8 cc) was added to each 
of the 3 normal blood plasma samples and to 3 of the 5 renal plasma 
samples. All samples, including the 2 remaining renal plasma 
samples, were incubated at 38°C for one hour. In each experiment, 
angiotonin alone, equal in quantity to the amount added to the plasma 
samples, was also incubated. 

The various samples, after incubation, were injected in the femoral 
vein of an anesthetized, previously nephrectomized dog (24 hours) 
and the pressure changes continuously followed by means of a mer- 
cury manometer connected by cannula to the femoral artery. 

Results, As Table I and Fig. 1 indicate, there is practically com- 
plete neutralization of the angiotonin by the normal systemic blood 
plasma after an hour’s incubation. The average pressure rise fol- 
lowing the injection of the normal blood plasma-angiotonin mix- 
tures was 5 mm of Hg, and only in Experiment VI was there a sig- 


1 Friedman, M., Selzer, A., and Sampson, J., Am. J. Physiol., 1941, 181, 799. 
2 Page, I. H., and Helmer, O. M., J. Exp. Med., 1940, 71, 29. 
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nificant rise following its injection. However, it was found that 
ischemic kidney plasma lacked the property of angiotonin neutraliza- 
tion possessed by normal systemic blood plasma, for the average rise 
following the injection of ischemic kidney blood plasma-angiotonin 
mixture was 20 mm of Hg. This latter rise was comparable to the 
pressor effect obtained following the injection of angiotonin in saline 
alone. The pressor rise following the injection’ of the ischemic 
kidney plasma-angiotonin mixture was not due to the pressor prop- 
erty of ischemic kidney blood for, as can be seen by an examination 
of the data, the rise following injection of 5 cc of incubated ischemic 
kidney blood plasma was negligible. 

Discussion. It has been recognized* that angiotonin and its coun- 
terpart, hypertensin,* may be inhibited by normal blood plasma. 


TABLE I. 
iiffect of Ischemic Kidney Blood Plasma and Normal Blood Plasma on Angiotonin. 
Blood pressure Blood pressure 
effect of Blood pressure rise of 
Blood pressure angiotonin effect of ischemic 
effect of plus ischemic angiotonin kidney 
Amt of angiotonin kidney plus normal plasma, 
Exp. angiotonin alone plasma* plasma t alone 
No. (cc) (mm of Hg) (mm of Hg) (mmof Hg) (mm of Hg) 
ae 0.2 +30 rer: 0 +8 
-b 0.2 +20 0 +4 
-¢ 0.2 +20 0 
Ila 0.2 +20 +20 0 +3 
-b 0.2 +15 0 +5 
=e 0.2 +15 + 5 
IIT-a 0.3 +23 +20 + 3 +2 
-b 0.3 +15 +12 +3 
=¢ 0.3 +18 
IV-a 0.5 +27 +20 0 +5 
-b 0.5 +19 + 2 +6 
-¢ 0.5 + 2 
V-a 0.5 +20 +17 +10 +2 
-b 0.5 +13 +95 0 
eG 0.5 . +17 
Vi-a 0.8 +35 +32 +15 +4 
-b 0.8 +32 Hie 0 
-¢ 0.8 +32 +12 
Avg 41 +26.0 +20.0 + 5.0 +3.5 


*Five ce of ischemic kidney plasma were used in each experiment. 


4 Munoz, J. M., Braun-Menendez, E., Fasciolo, J. C., and Leloir, L. F., Am. J. 
M. Sce,, 1940, 200, 608. 
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Blocd Pressure 


95 Cc 
A=Angiotonins Ischemic Kidney Piasma C= Angiotonin+Normal Saline (Incubated) 
(Incubated) 
B=Angiotonin+ Normal Plasma (incubated) D=Ischemic Kidney Plasma (incubated) 


Oo 5 Te) 1S 20 25 30 35 40 45 50 
Minutes 
Fig. 1. 
Experiment II-A—The pressor effect of 5 ce of ischemic kidney blood plasma, 
5 ec of normal blood plasma incubated with 0.2 ce of angiotonin solution, and 
5 ee of incubated kidney blood plasma. 


Although there is strong evidence’ that purified angiotonin is not 
exactly similar to the pressor substance found in blood leaving the 
partially ischemic kidney, it is possible that, because of the extensive 
chemical procedures necessary for the isolation of angiotonin, cer- 
tain chemical changes might have occurred in the original substance. 
If, however, angiotonin does represent the essential chemical deriva- 
tive of the original effector substance leaving the kidney when its 
hemodynamics have been seriously altered, then the inability of the 
venous blood plasma leaving this same kidney to neutralize angiotonin 
indicates that there may be two mechanisms involved in this type of 
renal derangement. The evidence presented here suggests strongly 
that one of these mechanisms is a decreased ability of the blood leav- 
ing such an abnormal kidney to neutralize angiotonin. 

Conclusion. (1) The ability of normal systemic blood plasma 
to neutralize angiotonin is markedly decreased after circulation 
through the partially ischemic kidney. 


The angiotonin used in these experiments was graciously supplied to us by 
Dr. Irvine H. Page. 
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Dehydration and Ketosis. 


Eaton M. MacKay, ARNE N. WICK AND FRANK E. VISSCHER. 


From The Scripps Metabolic Clinic, La Jolla, California. 


The antiketogenic influence of fed protein is well known. This 
action is presumably dependent upon the excess of antiketogenic 
metabolites (glucogenic amino acids) over ketogenic metabolites 
(fatty acid residues from amino acids) which protein may furnish 
during its catabolism. Mineral acids are antiketogenic when fed’ 
and the most reasonable explanation for this in the light of our 
present knowledge is that more carbohydrate becomes available for 
oxidation due to the increased rate of protein catabolism induced 
by the acidosis. The experiments reported here were carried out to 
determine whether or not the condition of dehydration influences 
ketosis. Water hunger of such degree that dehydration results has 
an accelerating influence upon protein catabolism.*” 

In Experiment 1 male rats were fasted from the stock diet (Tioga 
dog pellets), the control groups being allowed water while the de- 
hydration groups received no fluid of any kind. There were 3 rats 
in each group with an average body weight of 254 g. Twenty-four- 
hour urine collections were made on each group for the determination 
of total nitrogen. At the end of every 24-hour period a group of 
3 rats from each series was sacrificed for blood ketone*’ and liver 
glycogen determinations.” 

Female rats averaging 190 g in weight were used in Experiment 
2 in groups of 3. They had been receiving a synthetic diet*’ for 
some time and were fasted with water allowed ad lib. for 48 hours 


1 MacKay, E. M., Wick, A. N., Carne, H. O., and Barnum, C. P., J. Biol. Chem., 
1941, 138, 63. 
2 Nothwang, F., Arch. f. Hyg., 1892, 14, 272. 
3 Landauer, A., Maly’s Jahresb. f. Thierchemie, 1894, 24, 532. 
4 Straub, W., Z. f. Biol., 1899, 37, 527. 
5 Straub, W., [bid., 1899, 38, 538. 
6 Spiegler, A., Z. f. Biol., 1901, 41, 239. 
7 Dennig, A., Z. f. diatet. u. Physik. Therap., 1898, 1, 281. 
8 Dennig, A., Ibid., 1899, 2, 292. 
9 MacKay, L. L., and MacKay, E. M., Am. J. Physiol., 1924, 70, 394. 
10 Barnes, R. H., and Wick, A. N., J. Biol. Chem., 1940, 138, 59. 
11 Good, C. A., Kramer, H., and Somogyi, M., J. Biol. Chem., 1933, 100, 485. 
12 MacKay, E. M., and Callaway, J. W., Proc. Soc. Exp. Bion. anp Mep., 1937, 
36, 406. 
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TABLE I. 
Avg of control groups Avg of dehydration groups 
> =. =i r 

tBlood tBlood : 

ketone Liver ketone Liver 
Hr *Body Urine N, bodies, glycogen, *Body Urine N, bodies, glycogen, 

Fasting wt,g mg/rat/day mg% % wt,g mg/rat/day mg% % 
Experiment 1—Male Rats. 

24 228 144 5.6 04 224 158 5.5 04 
48 225 153 9.4 18 220 196 8.2 25 
72 215 111 8.3 .38 204 136 4.1 67 
96 210 100 6.2 .80 185 144 Sel 1.49 

Experiment 2—Female Rats. 
24 185 73 aL 07 178 82 21.6 12 
36 185 32.9 29 170 20.3 37 
48 180 63 36.8 -09 164 77 21.1 32 
60 Ihe 27.9 fe 162 10.8 .88 
72 167 68 32.5 14 157 140 16.5 43 


*When sacrificed. 
tAs acetone. 
These fasting periods followed a preliminary fast of 48 hours. 


prior to the fasting periods recorded in Table I. Fasting of both 
groups was continued during the period observations were made. 
At the beginning of this both groups received 2 cc each of 5% NaCl 
solution by stomach tube. The dehydration rats were given no 
other drinking fluid while the controls were allowed water ad lib. as 
usual. 

The data summarized in Table I show the usual increase in urine 
nitrogen excretion with dehydration, a result of the increased pro- 
tein catabolism. Accompanying this are higher liver glycogen levels, 
evidence of more available carbohydrate from protein break-down 
in the dehydrated animals than in the controls. The dehydrated rats 
have a uniformly lower degree of ketosis as measured by the blood 
ketone levels than the normally fasting controls. This reduced 
ketosis is particularly evident where the differences in liver glycogen 
level from the controls are most definite. It seems reasonable to sup- 
pose that the antiketogenic effect of the dehydration is due to the 
extra carbohydrate provided by the increased protein break-down 
but there remains the possibility that a general depression in the 
metabolism of the dehydrated animals may contribute to the reduc- 
tion in the ketosis level. 

Summary. Dehydration is antiketogenic when ketosis is meas- 
ured by the level of ketone bodies in the blood of fasting albino 
rats. Protein catabolism is increased during dehydration ad it is 
probable that the larger amount of carbohydrate provided by the 
protein break-down accounts for the antiketogenesis. 


593 


USLSOSE. 


Total Cardiac Vibrations in Aged Hearts and in Coronary 
Disease. 


JoHN R. SMITH AND WILLIAM B. Kountz. 


From the Department of Internal Medicine, Washington University School of 
Medicine, and the Barnes Hospital, St. Louis. 


By means of the vibrocardiograph’ it is possible to record all the 
cardiac vibrations (audible and inaudible) that are transmitted 
through the chest wall. A study of the vibrocardiograms of 100 
normal young adults,” taken from the usual auscultation areas, 
established the presence of dominant vibration groups at the onset of 
systole and at the second sound. These curves were dissimilar to 
the usual stethogram, as the vibration groups were modified by low- 
frequency (inaudible) components with which the sound elements 
are mixed. In 5% of the tracings there appeared low-frequency 
waves (approximately 1-5 dv. per sec.), the largest mound occurring 
in mid-systole and two or more in diastole. These waves were of 
very low amplitude. 

The vibrocardiographic curves of 102 individuals over 55 years 
of age, with and without evidence of coronary disease, were ex- 
amined. The cases fell into three groups : those with clinical and elec- 
trocardiographic evidence of coronary disease (34 cases) ; those with 
objective evidence but with normal electrocardiograms (33 cases) ; 
and those with no evidence of heart disease. Cases having definite 
evidence of coronary disease, despite the presence or absence of elec- 
trocardiographic change, all showed a prolongation of the total 
vibration complex at the onset of systole. Normally this complex 
averages 0.22 second in duration; in these cases the average length 
was 0.33 second. In some instances of severe myocardial damage, 
deflections of low frequency with occasional steep slopes occupied 
nearly all of systole, and on auscultation the sounds were “impure” 
and muffled. In most of these tracings large, low-frequency waves 
appeared in systole and diastole similar to those seen in some nor- 
mals, except that they were definitely augmented in amplitude, oc- 
casionally becoming as tall as the most dominant sound deflections ; 
they were in phase with each other and with the onset of ventricular 
systole. In 15 of the cases without evidence of heart disease, pro- 
longation of the first vibration complex and the presence of the large, 


1 Kountz, W. B., Gilson, A. S., and Smith, J. R., 4m. Heart J., 1940, 20, 667.. 
2 Smith, J. R., Edwards, J. C., and Kountz, W. B., Am. Heart J., 1941, 21, 228. 
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slow systolic-diastolic waves were noted. None of these cases had 
received cardiac therapy of any kind. 

The low-frequency (inaudible) vibrations recorded by this method 
may be due to actual motions of the myocardium. Absolute proof 
for this is yet lacking. However, the tentative suggestion may be 
made that as the myocardium is compromised by a diminished coro- 
nary flow, and tends to become flaccid, slow vibrations may be 
provoked in the muscle mass by the violent onset of contraction. 
Whatever the cause, these slow waves as recorded are constant 
enough in coronary disease to warrant the suggestion that they may 
indicate flaccidity and weakness of the heart muscle, and may appear 
before definite signs of myocardial disease develop. 
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Glycogen Content of the Human Liver.* 


Ducatp S. MacIntyre,t SvEND PEDERSEN AND WALTER G. 
Mappocr. (Introduced by H. B. Lewis.) 


From the Department of Surgery, University of Michigan. 


In recent years much attention has been given to the value of the 
preoperative diet and its relation to the level of liver glycogen in 
surgical patients. Unfortunately, little is known about the effect of 
diet, anesthesia and liver pathology upon the glycogen levels of the 
human liver. Most of our knowledge has been obtained from anal- 
ysis of human livers obtained at autopsy or from livers of experi- 
mental animals. In order to obtain direct information on liver 
glycogen levels in surgical patients, it was decided to determine the 
glycogen content of liver specimens obtained by biopsy, and this 
program was carried out on a series of 33 patients undergoing 
laparatomy during the winter of 1939-40. 

A small section of the biopsy specimen taken during the operation 
was reserved for microscopic examination and the remainder, ap- 
proximately 1 g, was immediately frozen in carbon dioxide snow 
and ether. While still frozen the specimen was ground very fine 
and transferred into a weighed centrifuge tube containing potas- 


* This study was aided by a grant from the Horace H. Rackham School of 
Graduate Studies. 


+ Captain Dugald S. MacIntyre, United States Army Medical Corps, is stationed 
at the Beaumont Hospital, El Paso, Texas. 
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sium hydroxide, then quickly weighed, and placed in a beaker of 
boiling water. After solution was complete, the glycogen was pre- 
cipitated and hydrolyzed according to the Good, Kramer, and 
Somogyi modification’ of Pfliger’s method for liver glycogen. The 
total reducing carbohydrate was determined on aliquots in duplicate 
according to Shaffer and Somogyi.” 

In Table I the glycogen values from 26 cases have been grouped 
according to the extent of liver damage, as shown by microscopic 
sections reported by the Department of Pathology, the anesthetic 
used, and whether or not supplementary glucose was fed. The 
condition of the liver was reported as normal or as showing advanced 
damage. In 7 additional cases, most of whom showed moderate 
damage, no grouping could be made because of a multiplicity of 
varying conditions. The values in these cases ranged between 1.22- 
4.65%. The average for Group A is 3.15% but if the highest 
value of 6.31% in this group is omitted, the average of Group A 
becomes 2.80%. All the individual values in both Groups B and C 
are above this figure, and the averages of Groups A and D are al- 
most the same. 

Conclusions. The glycogen content of biopsy samples of normal 
livers was highest in patients that were fed glucose prior to operation. 
When extensive liver damage was present, liver glycogen was low 
despite glucose feeding. 


TABLE I. 
Distribution of Values for Hepatic Glycogen. 
A B Cc D 
No. of cases 10 7 5 4 
Range % 1.10-6.31 3.19-7.56 3.91-5.75 2.70-3.14 
(—3.85) * 
Avg % 3.15 5.03 4.73 2.86 
(2.80) * 


A—Normal livers, spinal anesthesia, no glucose feedings. 

B—Normal livers, spinal anesthesia and oral administration of 200 g of glucose 
during the 12 hours immediately before the operation. 

C—Normal livers, nitrous oxide and ether vapor anesthesia and 200 g of glucose 
similarly fed. 

D—Advanced hepatic damage, spinal anesthesia in 3 and nitrous oxide and 
ether vapor anesthesia in 1, and 200 g of glucose fed. 

“See text. 


1 Good, C. A., Kramer, H., and Somogyi, M., J. Biol. Chem., 1933, 100, 485. 
2 Shaffer, P. A., and Somogyi, M., J. Biol. Chem., 1933, 100, 695. 
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Functional Activity of Smooth Muscle Tumors of the Uterus.* 


CHARLES S. BRYAN AND SHIELDS WARREN. 


From the Laboratory of Pathology, New England Deaconess Hospital. 


The question of the functional activity of the cells composing 
various types of tumor tissue has always excited much interest. It 
is a remarkable fact that in some tumors cells which have all the 
morphological characteristics of normal cells of the parent tissue 
appear to have lost the characteristic functional ability of their 
normal relatives. In other cases the tumor cells show normal or 
enhanced activity. As examples may be cited the functioning and 
nonfunctioning adenomas of pancreas and thyroid. The ability of 
small metastatic nodules of chorionepithelioma to produce hormonal 
effects may be much greater than would be expected from their mass. 

Leiomyomas of the uterus contain cells which do not differ mor- 
phologically from normal smooth-muscle cells. The following ex- 
periments were performed to determine whether or not these cells 
possess the ability to contract, and whether or not there are qualita- 
tive differences between their behavior and that of normal uterine 
smooth-muscle cells. 

Method. Uteri containing leiomyomas were obtained in the 
operating room as soon as they were excised and were wrapped in 
gauze moistened with saline. Within a few minutes strips of muscle 
about 2.5 cm in length and 0.5 cm in diameter were excised from the 
tumors as well as control strips from the uterine wall and imme- 
diately immersed in warm Ringer’s solution through which a con- 
stant stream of oxygen was bubbled. The vessel containing them 
was then immersed in a constant temperature water bath kept at 
38°C and the strips attached by threads to pointers recording on a 
kymograph. In each experiment one strip of uterine muscle and 
one strip of leiomyoma were immersed in the same bath and attached 
to separate needles recording at different levels on the same graph. 
The lower ends of the muscle strips were anchored with pins to a 
wooden septum which could be changed easily from one container 
to another, thus allowing quick changes of medium with interval 
washing. The stimulating solutions were added directly to the 
Ringer’s solution. The agents in the amounts added to the 250 cc of 


* Read before the meeting of the American Society for Experimental Pathology, 
April 18, 1941. 
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Ringer’s solution were: (1) Pituitrin, %4 to % cc; (2) histamine, 
0.5 cc of a 1/1000 solution. These amounts are much larger than 
the minimum needed to cause contraction and were only roughly 
measured since the experiments were not of a quantitative nature. 

At the conclusion of each experiment the muscle strips were fixed 
in alcohol-formalin and sectioned and stained after celloidin imbed- 
ding. In all cases the strips from leiomyoma showed the typical 
structure of smooth-muscle cells and connective tissue. 

Results. The smooth muscle of the so-called fibroid tumor is 
capable of contracting in response to some of the same stimuli which 
cause contraction of smooth muscle of the uterine wall. To our 
knowledge this point has not been previously investigated. A total of 
16 specimens were tested. In 4 cases there was complete absence of 
response in both uterine and leiomyoma strips. Usually examina- 
tion of the sections of muscle which had failed to contract showed 
marked edema, fibrosis, degenerative changes, or predominantly 
cross-sectioned rather than longitudinally sectioned muscle cells with 
resultant mechanical disadvantage. In one case the uterine strip 
alone responded and in another only the tumor strip contracted. In 
the remaining 10 cases some degree of response was obtained from 
both types of tissue. 

Table I shows that uterine muscle responded more constantly to 
pituitrin, while muscle from leiomyomas seemed much more sensitive 
to histamine. Uterine muscle strips often seemed refractory to hista- 
mine, sometimes contracting later to pituitrin. Although our results 
were not constant enough to establish this point definitely, it did 
appear that the reaction to histamine might represent a difference in 
behavior of the two types of muscle. 

In one case the addition of 5 drops of extract of ergot to the bath 
failed to evoke contraction in a leiomyoma strip which responded 
immediately afterward to histamine. In another case ergot elicited 
no response in either uterine or leiomyoma strip, though both re- 
sponded later to pituitrin. 

Due to the fact that the relative number of muscle cells is smaller 
in the tumor than in uterine muscle, because of the large amount of 
connective tissue in the tumor, the extent of contraction of strips of 
tumor is usually less. This difference is magnified by the difficulty 
in obtaining strips of parallel fibres of any length from the tumor. 
However, in a few cases we succeeded in obtaining vigorous con- 
tractions. 

In general it appeared that tissues from younger women responded 
to stimuli quicker and more vigorously than those from older 
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TABLE I. 
Uterine muscle Leiomyoma 

[ a) Gow 3 aoe 

Responded Failed torespond Responded Failed to respond 
Pituitrin 8 4 7 5 
Histamine 3 5 6 2 
Ergot 1 2 


The responses of the two types of tissue from each specimen are classified as 
positive or negative. The response was considered positive if any sample from the 
specimen showed activity even though other samples failed to contract. Since 
some specimens were tested with more than one stimulating agent, the number of 
responses does not correspond to the number of uteri examined. 
women. This tendency was not by any means absolute, though, 
since little or no contraction was elicited from some tissues from 
women of less than 35, while often specimens from women older 
than 45 responded well to stimulation. No correlation could be 
made with the menstrual phase as determined by clinical history. 

We were surprised to find that often the tissues, both uterus and 
tumor, retained the ability to contract for 114 to 2 hours if the speci- 
men was merely kept wrapped in moist gauze. In no case did an 
excised strip give consistent results for more than an hour. Usually 
after 14 to 34 hour in the bath the uterine strips began to show 
irregular spontaneous contractions with gradually increasing tone 
and loss of sensitivity to the usual stimulating agents. The strips 
of leiomyoma usually did not show this increase in tone in the dying 
phase. 

Summary and Conclusions, Tissues from 16 leiomyomas were 
tested for contractility using normal uterine muscle for control. 
The stimulating substances used were pituitrin, histamine, and ergot. 

In 11 cases the tumor tissue showed definite response. Uterine 
muscle usually showed increasing tone in the dying phase while the 
tumor tissue became unresponsive without change in tone. 
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Hemorrhagic Skin Reactions in Rabbits with Cutaneous Sensi- 
tization to Streptococci and Pneumococci (Shwartzman 
Phenomenon).* 


D. Murray ANGEVINE AND PauL F, peGara. (Introduced by 
fs O pies) 


From the Department of Pathology, Cornell University Medical College, New 
York City. 


When intravenous injections of living or heat-killed bacteria 
were given to skin-sensitive rabbits within 48 hours after an intra- 
cutaneous injection of either a homologous broth-filtrate or a heat- 
killed suspension of microdrganisms, hemorrhagic reactions fre- 
quently occurred within 24 hours at the site of the skin-test. These 
lesions varied considerably in intensity, were usually purple or violet 
and closely resembled the hemorrhagic lesions described by Shwartz- 
man.” 

Such local hemorrhagic reactions in rabbits have been more often 
induced by bacterial filtrates than by suspensions. Streptococci 
usually contain little preparatory factor.‘ Antopol’ produced hemor- 
rhagic reactions with extracts of various microorganisms, including 
Type 3 pneumococcus, but Witebsky and Neter® reported that in- 
travenous injections of living or dead pneumococci were incapable 
of eliciting hemorrhage at the site of a previous intracutaneous in- 
jection of pneumococcal culture. 

Sensitization may influence the development of this reaction.* ° 
Freund pointed out that hemorrhage develops in the skin and perito- 
neum of tuberculous but not of non-tuberculous guinea pigs. Fabiani 
elicited a Shwartzman phenomenon in rabbits that became Arthus 
positive after the third subcutaneous injection of horse serum but 
not in rabbits that required 5 injections before they became sensitive 
to horse serum. Zander® demonstrated that capillary fragility is 
greater in areas of allergic inflammation in the skin of rabbits sen- 


* Aided by grants from the John and Mary R. Markle Foundation, the Ophthal- 
mological Foundation and the Dazian Foundation for Medical Research. 

1 Shwartzman, G., Phenomenon of Local Tissue Reactivity, Paul Hoeber, Inc., 
New York, 1937. 

2 Antopol, W., J. Inf. Dis., 1937, 61, 330. 

3 Witebsky, E., and Neter, E., Proc. Soc. Exp. Biot. AND Mep., 1938, 38, 187. 

4 Freund, J., J. Hap. Med., 1934, 60, 669. 

5 Fabiani, G., Compt. Rend. Soc. Biol., 1938, 127, 536. 

6 Zander, E., J. Exp. Med., 1937, 66, 637. 
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sitized to streptococci than in control rabbits. Because of the pos- 
sible relationship of these hemorrhages to hypersensitivity, further 
investigations seemed desirable. 

Sensitization was induced by a variable number of intracutaneous 
injections of 0.1 cc of heat-killed indifferent streptococci,’ or Type 1 
pneumococci, or formalin-killed hemolytic streptococci (Strain AB 
13)§ given over periods of from 6 to 140 days. Intracutaneous 
injections were given daily for 6 days and repeated after an interval 
of 1 to 2 weeks. 

The degree of skin-sensitivity was tested by an intracutaneous in- 
jection of 0.1 ce of homologous filtrate or vaccine. The average 
diameter and height of the reactions at 48 hours are recorded in 
millimeters. 

Provocative Injection. In the experiments with indifferent strep- 
tococci, heat-killed vaccine was injected intravenously 48 hours after 
the intracutaneous test-injection. In the experiments with hemolytic 
streptococci and pneumococci, an 18-hour broth-culture was injected 
intravenously 24 hours after the intracutaneous test-injection, The 
degree of hemorrhage 24 hours after the provocative injection was 
recorded as + to ++++. 

Agglutinin and precipitin tests were performed close to the time 
of the intracutaneous test-injection. There was no correlation 
between circulating antibodies and the degree of hemorrhage in 
lesions 24 hours after the provocative injection. 

Experiment 1. Of the rabbits sensitized with repeated intracu- 
taneous injections of heat-killed indifferent streptococci, only No. 1 
(Table 1) showed a hemorrhagic lesion after the first provocative 
injection. A second intravenous injection one week later induced a 
considerably greater hemorrhagic lesion at the site of the last intra- 
cutaneous test-injection, Rabbits No. 2 and No. 6 that did not react 
to the first provocative injection also gave strongly positive skin- 
reactions after the second intravenous injection. There was no 
definite correlation between skin-sensitivity and degree of hemor- 
rhage in these animals. However, the most intense reactions were 
observed in the 2 animals that had the highest degree of cutaneous 
sensitivity at the time of the second test. 

Experiment 2. In 6 of 9 rabbits sensitized with hemolytic strep- 
tococci, intense hemorrhagic lesions were observed after the intra- 
venous injection of 2 cc of homologous broth-culture (Table II). 
There was no correlation between skin-sensitivity and degree of 


7 McEwen, C., and Swift, H. F., J. Exp. Med., 1935, 62, 578. 
8 Nichols, E. E., and Stainsby, W. J., J. Clin. Inves., 1931, 10, 325. 
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TABLE I. 
Degree of Hemorrhage in Rabbits Sensitized by Repeated Intracutaneous Injections of Heat- 
Killed Indifferent Streptococci. 


OO 
LE 


Degree of Degree of 
hemorrhage hemorrhage 
in lesion 24 in lesion 24 
hr after i.v. hr after i.v. 
injection of injection of 
Degree of 1 ce of heat- Degree of 1 ce of heat- 
skin-sensitivity killed skin-sensitivity killed 
Rabbit No. of to filtrate streptococci to filtrate streptococci 
No. injections 143d day 145th day 150th day on 152d day 
1 50 during 39-2 +4 35-2 ++-+-+ 
2 140 days 80-1 None 37-2 tt 
3 30-1 id 30-2 None 
4 4()-2 / 33-1 ay 
5 23-1 ay 29-1 ey 
6 22-1 BM 25-0 Spar 


hemorrhage. Ten normal rabbits were given an intracutaneous in- 
jection of streptococcal filtrate; then after 48 hours they were in- 
jected intravenously with 2 cc of homologous culture; no hemor- 
rhage was observed at the site of intracutaneous injection. 
Experiment 3. The experiments with Type 1 pneumococci are 
summarized in Table III. After the provocative injection of 1 cc 
of broth culture, intense hemorrhage was observed in the skin of 
rabbit No. 24. This was the most sensitive animal of the group. 
Hemorrhages of lesser degree were observed in rabbits Nos. 19, 
22, 23, and 25. In this group the intensity of the hemorrhagic reac- 
tion was greater in rabbits which had been sensitized by’a larger 
number of intracutaneous injections, and had reached a higher degree 
of cutaneous sensitivity to the vaccine. 
Summary. When an intracutaneous injection of bacterial fil- 
trates or heat-killed organisms into sensitized rabbits was followed 
TABLE ITI. 


Degree of Hemorrhage in Rabbits Sensitized by Repeated Intracutaneous injections 
of Formalin-killed Hemolytic Streptococci. 


Degree of hemorrhage 
in lesion 24 hr 


Degree of after i.v. injection 
Rabbit skin-sensitivity of 2 ce of streptococcal 

No. No. of injections to filtrate broth culture 

7 24 during 42 days 70-3 None 

8 67-3 Basia ce 

9 60-3 Boe 
10 46-2 +++ 
hs 40-2 sees 
12 40-2 None 
13 32-2 oI accra = 
14 40-1 ++++ 


i 5) 40-0 None 
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TABLE IIl. 2 
Degree of Hemorrhage in Rabbits Sensitized by Repeated Intracutaneous injections 
of Heat-kilied Pneumococci Type I. 
Ne Se 
Degree of hemorrhage 
in lesion 24 hr 
after i.v. injection 


Duration of Degree of of lec of 

Rabbit sensitization skin-sensitivity pneumococcal 

No. No. of injections (days) to vaccine broth culture 

16 6 6 fell None 

17 6 6 4-1 2 

18 12 20 23-2 ie 

19 12 20 16-2 FP 

20 12 20 4-0 None 

21 18 34 29.3 ‘eg 

22 18 34 21-3 az 

23 18 34 29-2 + 

24 24 48 31-3 = 

25 24 48 28-3 

26 24 48 18-2 None 


by intravenous injections of sufficient amounts of killed or living 
organisms, a hemorrhagic reaction frequently developed at the site 
of the intracutaneous injection. 

The most intense hemorrhagic reactions were observed in animals 
with the highest degree of cutaneous sensitization. We did not ob- 
serve hemorrhagic phenomena in non-sensitized animals treated in 
a similar manner. 
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Blood Pantothenic Acid Values in Multiple Sclerosis. 


Louls SIEGEL, TRAcy J. PUTNAM AND JOHN G. Lynn. (Introduecd 
by W. W. Palmer.) 
From the Food Research Laboratories, Long Island City, New York, and the 


Department of Neurology, College of Physicians and Surgeons, Columbia Univer- 
sity, and the Neurological Institute, New York City. 


Since the discovery and synthesis of pantothenic acid (Williams 
and Major’), many attempts have been made to determine its clinical 
value. Stanbery, Snell and Spies? have shown that in deficiencies of 
the factors of the vitamin B complex, there is always a decrease in 
the blood pantothenic acid values. Their normal subjects gave values 
from 19.0 to 32.0 ug %, with an average of 22.5. The daily varia- 


1 Williams, R. J., and Major, R. T., Science, 1940, 91, 246. 
2 Stanbery, S. R., Snell, E. E., and Spies, T. D., J. Biol. Chem., 1940, 185, 353. 
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tion was within 2.0 hg %. In cases of deficiency, such as pellagra, 
beri beri and aflavinosis, the blood pantothenic acid values were found 
to be from 50 to 77% of the average normal figure. 

Phillips and Engel® demonstrated that in pantothenic acid-deficient 
chicks there were lesions of the spinal cord characterized by degener- 
ation of the myelinated fibers. In longitudinal sections degenerative 
changes were frequently observed in the axis cylinders of the involved 
nerve. 

In multiple sclerosis pathological changes are found which despite 
a greater relative degeneration of myelin sheaths as compared to 
axis cylinders have certain superficial resemblances to the lesions 
described by Phillips and Engel. This suggested to the first author 
that a deficiency of pantothenic acid might constitute at least a con- 
tributing factor in the development of this disease. Accordingly, 
analyses for this vitamin were conducted on blood of normal and 
multiple sclerotic individuals to ascertain whether any differences 
existed. 

The microbiological method of Pennington, Snell and Williams’ 
as subsequently modified* was used. The normal subjects were 
hospital and laboratory personnel. The clinical material was ob- 
tained from patients admitted to the Neurological Institute, and who 
were diagnosed as advanced cases of multiple sclerosis. In these 
cases the disease was from 2 to 25 years’ duration and in various 
stages of remissions and relapses. One case of amyotrophic lateral 
sclerosis was also studied. All subjects subsisted on normal adequate 
diets, precautions being taken that foods rich in pantothenic acid 
such as liver and molasses were excluded. 

The blood analyses were run in duplicate. A survey of the re- 
sults indicated that in our hands the method shows a technical re- 
liability or consistency reflected in values reproducible to within 3.5% 
of the average figure with a maximal deviation of 9.5%. 

In Table I the results of the present study are summarized. 

Our normal subjects had blood pantothenic acid values varying 
from 19.7 to 33.5 ug %; this is in close agreement with the range of 
values reported by Stanbery, Snell and Spies. The blood values of 
the multiple sclerotic subjects were also in the normal range. This 
indicates that pantothenic acid deficiency can not be regarded as 
having etiologic significance in this disease. 

In one case of multiple sclerosis, subject B.S., the dietary history 


3 Phillips, P. H., and Engel, R. W., J. Nutrition, 1939, 18, 227. 
4 Pennington, D., Snell, E. E., and Williams, R. J., J. Biol. Chem., 1940, 


135, 213. 
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TABLE I. ¥ 
Blood Pantothenie Acid Values in Normal and Multiple Sclerotic Individuals. 


Blood pantothenic 


acid level 

Subject Clinical status ug Zo 
Jetotak, Normal 19.7 
J.G. ee 29.4 Mean = 28.1 
M.W. ee 29.3 Avg deviation 
D.M. ae 33:3 = ey 
H.D. ai? 23.5 
H.S. se 33.6 
ise Multiple Sclerotic 29.6 
B.S es ke 19.7 Mean = 28.8 
E.F 2 a 28.0 Avg deviation 
JEes v2 22 33.6 = Be 
K.K. m2 22 32.8 
H.S MM se, 29.0 
8.0 Amyotrophie lateral sclerosis 32.0 


indicated a low intake of pantothenic acid. Oral administration of 
increased quantities of pantothenic acid in the form of food rich in 
this vitamin led to a prompt increase in the blood value approximating 
the maximal in the normal group. This observation agrees with 
that reported by Spies and associates’? and supports their conclusion 
that pantothenic acid deficiency is associated with a decrease in the 
blood value. 

Summary. Blood pantothenic acid values from six normal sub- 
jects varied in the present study over the usually obtained normal 
range of from 19.7 to 33.6 ug %. These values are ordinarily de- 
creased in cases of pantothenic acid deficiency. Six patients with ad- 
vanced multiple sclerosis failed to show any such decrease in the 
concentration of pantothenic acid in the blood indicating that this 
vitamin is probably not an etiologic factor in this disease. 


5 Spies, T. D., Hightower, D. P., and Hubbard, L. HJ. A. M, A. 1940, 115; 
292. 
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Importance of Choline in Synthetic Rations for Dogs.* 


A. E. SCHAEFER, J. M. McKippin ANp C. A. ELVEHJEM. 


From the Department of Biochemistry, College of Agriculture, University of 
Wisconsin, Madison. 


During studies on the newer members of the vitamin B complex 
with dogs’ * we observed that a highly purified ration supple- 
mented with synthetic thiamin, riboflavin, nicotinic acid, pyridoxine, 
and pantothenic acid does not permit survival. Evidence was pre- 
sented for the existence of two other factors present in liver extract 
essential for the dog. Since choline was found to be essential for 
the prevention of fatty livers in depancreatized dogs,’ we suspected 
very early that choline may have been one of these factors. The 
administration of choline, however, produced no effect in the de- 
ficient animals and it was concluded that these factors were distinct 
from choline. But in the light of more recent work with both rats 
and chicks we must conclude that the dose used was far below that 
found necessary for these other animals. We have, therefore, re- 
studied the significance of choline in the nutrition of the dog using 
higher levels of choline. 

Two litters of mongrel puppies were used in these experiments. 
The ration, as previously described, contained sucrose 66%, acid 
washed casein 19%, cottonseed oil 8%, cod liver oil 3%, and salt 
mixture 4%. This was supplemented with thiamin and riboflavin 
at a level of 100 y per kg of body weight per day, nicotinic acid at a 
level of 2 mg, pyridoxine at 60 y, and calcium pantothenate at 500 y 
per kilo per day. These vitamins were administered orally in water 
solution twice weekly. Dogs 1, 2, 3, 4, and 5 were placed on this 
ration at the age of 8 weeks. Dogs 6, 7, and 8 of the other litter 


* Published with the approval of the Director of the Wisconsin Agricultural 
Experiment Station. 

This work was supported in part by grants from the Wisconsin Alumni Research 
Foundation. We are indebted to the Works Progress Administration for assistance 
in the care of the animals and to Merck and Company, Rahway, New Jersey, for 
generous supplies of thiamin, riboflavin, nicotinic acid, pyridoxine, pantothenic 
acid, and choline. 

1 McKibbin, J. M., Madden, R. J., Black, S., and Elvehjem, C. A., Am. J. 
Physiol., 1939, 128, 102. 

2 McKibbin, J. M., Black, S., and Elvehjem, C. A., 4m. J. Physiol., 1940, 130, 
365. 

3 Best, C, H., and Ridout, J. H., Ann. Rev. Biochem., 1939, p. 349. 
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were placed on the ration at 6 weeks of age. The growth curves 
of these dogs are shown on the graph. It can be seen that dogs 1, 
2, 3, 4, 5, and 8 receiving the choline-low ration showed a quick 
growth plateau followed by anorexia and loss of weight. No other 
symptoms were observed. The administration of choline at a dosage 
of 100 mg per kg of body weight per day produced an immediate 
growth response in these dogs. Dogs 6 and 7 received 50 mg of 
choline per kg per day from the beginning of the experiment and 
serve as positive controls. These animals gained 1.85 and 2.1 kg, 
respectively, while the litter mate dog No. 8 had gained only 0.9 kg 
during the 25-day period. The addition of choline to the diet of 
dog No. 8 resulted in a weight increase of 1.75 kg in 12 days. The 
condition of the animals at the time of treatment was more critical 
than would appear from the growth curves. It has been our ex- 
perience with puppies on this ration that prolongation of the anorexia 
is usually fatal. It is possible that difficulties of this kind encountered 
in our earlier studies were at least in part due to choline deficiency. 
We are now studying the choline content of the various liver frac- 
tions used to determine the relation of choline to the activity of these 
fractions. A high incidence of yellow livers observed in these dogs 
suggests a parallel to those found in choline-deficient depancreatized 
dogs. 
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age curves of young dogs on the basal synthetic ration with and without 
choline. 
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The speed of onset of the deficiency is comparable to that of the 
other B vitamins. We have found in extensive studies on this 
ration involving some 128 dogs over a 3-year period that acute 
fatal deficiencies of thiamin, riboflavin, nicotinic acid, pyridoxine, 
and probably pantothenic acid may be expected within 2 to 6 weeks. 
This is in distinct opposition to the claim of Morgan‘ that ‘Even in 
very young animals several months are required for the development 
of overt symptoms of deficiency in any of the B vitamins, with the 
possible exception of B,.” 

The requirement of choline may be supposed to be largely de- 
pendent on the amounts of methionine and cystine in the diet.® ° 7 
Increasing the level of casein, therefore, lowers the choline require- 
ment of rats. Griffth® found that the hemorrhagic degeneration of 
choline deficiency in rats was prevented by a low fat diet containing 
47% casein even in the presence of 0.5% cystine. Most other labora- 
tories have used higher levels of casein than we have used and this 
might entirely nullify the requirement for choline. ,Thus Fouts, et 
al.,* used 41.4%, Borson and Mettier,’ 37% casein in their vitamin 
B, deficiency studies with dogs. In addition, the natural vitamin B 
complex sources such as liver extract and rice bran preparations con- 
tain considerable quantities of choline. The choline would have to 
be removed from these preparations in order to demonstrate this 
deficiency. 

The growth rate of puppies maintained on this ration supple- 
mented with thiamin, riboflavin, nicotinic acid, pyridoxine, and pan- 
tothenic acid 1s very suboptimal and erratic even with added choline. 
The ration is, therefore, still not entirely satisfactory for studying 
the uncomplicated deficiency of any of the 6 synthetic vitamins with- 
out the addition of a crude vitamin B complex preparation, although 
we have used a ration of this kind for nicotinic acid assay of foods 
over limited periods of time. Studies on other substances in liver 
extract necessary for the normal growth of the dog are now in 
progress. 

Summary. In addition to thiamin, riboflavin, nicotinic acid, 
pyridoxine, and pantothenic acid, young puppies also require choline 


4 Morgan, A., Science, 1941, 93, 261. 

5 du Vigneaud, V., Chandler, J. P., Moyer, A. W., and Keppel, D. M., J. Biol. 
Chem., 1939, 181, 57. 

6 Griffith, W. H., J. Biol. Chem., 1940, 132, 639. 

7 Griffith, W. H., and Wade, N. J., J. Biol. Chem., 1940, 132, 627. 

8 Fouts, P. J., Helmer, O. M., and Lepkovsky, 8., J. Nutr., 1940, 19, 398. 

9Borson, H. J., and Mettier, S. R., Proc. Soc. Exp. Bion. anp Mep., 1940, 
43, 429. 
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and probably other factors of the vitamin B complex for normai 
growth under the conditions of these studies. Possible factors alter- 
ing the requirement of choline for dogs on synthetic rations are 
discussed. 
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Isolation and Pure Cultivation of the Smaller Mouth Spirochetes 
by an Improved Method. 


Tueropor RosEBURY AND GENEVIEVE Forty. (Introduced by A. R. 
Dochez. ) 


From the Department of Bacteriology, Columbia University, New York. 


The characteristics and properties of the so-called commensal 
spirochetes of mucous membranes, and their individual or contrib- 
uting roles in fuso-spirochetal infections, remain inadequately un- 
derstood largely because of a lack of effective means for their isola- 
tion and maintenance in pure culture. Treponema vincenti, the large 
delicate loosely wound spirochete of the mouth, seems never to have 
been obtained in pure culture; 7. buccale, the large, thick, loosely 
wound form, has been reported in culture rarely,” * ° apparently 
under conditions which could not be duplicated. 7. microdentium, 
the small mouth spirochete which resembles T. pallidum in mor- 
phology and is cultivable with the least difficulty,** seems for that 
reason to be the only member of the group which can be accepted 
with little doubt as a distinct species. Studies of pure cultures of 
T. microdentium, moreover, have yielded interesting information on 
the pathogenesis of fuso-spirochetal infections.* °°? On the other 
hand, none of the other varieties which have been described and 
named, such as Noguchi’s T. macrodentium* or the several species 
named by Seguin and Vinzent,"° is so clearly defined. 


1Smith, D. T., Oral Spirochetes and Related Organisms in Fuso-Spirochetal 
Disease, Baltimore, Williams and Wilkins Co., 1932, p. 11. 

2 Proske, H. O., and Sayers, R. R., U. 8. Pub. Health Rep., 1934, 49, 839, 1212. 

3 Vinzent, R., and Daufresne, M., Compt. rend. Soc. Biol., 1934, 116, 490. 

4 Noguchi, H., J. Eup. Ped., 1912, 15, 81. 

5 Kritchewski, B., and Seguin, P., Rev. stomatol., 1920, 22, 613. 

8 Smith, D. T., Am. Rev. Tuberculosis, 1927, 16, 584. 

GSmithy DM locu ci. LOS2 pase 

8 Seguin, P., and Vinzent, R., Ann. de l’Inst. Pasteur, 1938, G1, 255. 

9Smith, D. T., loc. cit., 1932, p. 124. 


10 Seguin, P., and Vinzent, R., Compt. rend. Soc. Biol., 1936, 121, 408. 
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Most successful attempts to cultivate the smaller commensal spiro- 
chetes** * 7° 7 have utilized methods based on those developed by 
Noguchi.» ** These methods are laborious and intricate, particu- 
larly in that the steps necessary to obtain pure cultures from the in- 
variably mixed source materia’ are often discouragingly difficult, as 
exemplified in a recent report by Kast and Kolmer.** Experiences 
with the older methods in this laboratory have led to the develop- 
ment of a modified technic which has greatly simplified what had 
been the most difficult phase of this work, namely, the isolation of 
spirochetes from a primary mixed culture. 

The distinguishing feature of the method for primary isolation 
lies in the use, in place of Noguchi’s deep tubes, of small Petri plates 
containing a thick layer of solid medium, which are inoculated by 
stabbing into the side of a well previously cut in the center of the 
plate, and incubated in anaerobic jars. Two sizes of plates have been 
used, 50x 14 mm (overall) and 60x18 mm, either of which is 
satisfactory if uniform in depth. About 10 cc of medium is placed in 
the smaller plates and 20 cc in the larger, so that the depth of medium 
in the center of the plate is at least 7 mm. Noguchi’s solid media” 
may be used, enriched with 1 part of sterile serum or ascitic fluid to 
2 parts of agar base and containing fresh sterile tissue, the tissue, 
however, being minced fine and distributed on the floor of the plate 
instead of being added in a single piece as in tubes. In place of the 
usual enriching fluids, serum ultrafiltrate, as used by Simms and 
Stillman’** for tissue culture, and by Sanders’® and Molloy” for 
the cultivation of several viruses, has been found more satisfactory, 
in that repeated batches have yielded consistently effective media. 
Occasional batches of ascitic fluid have yielded somewhat wider 


11 Vinzent, R., Seguin, P., and Daufresne, M., ibid., 1936, 121, 406; Seguin, P., 
and Vinzent, R., ibid., 1936, 121, 488; Vinzent, R., and Seguin, P., ibid., 1939, 
130, 12; Bull. de l’Acad. Med., 1939, 121, 407. 

12 Noguchi, H., J. Hap. Med., 1912, 15, 90, 466; 1912, 16, 194; 1913, 17, 89. 

13 Kast, C. C., and Kolmer, J. A., Am. J. Syph., 1940, 24, 671. 

14 Rights, F. L., unpublished data. 

15 Simms, H. S., and Stillman, N. P., J. Gen. Physiol., 1937, 20, 649; Arch. 
Path., 1937, 23, 316, 322. 

* We are grateful to Dr. Simms for his interest in these experiments and for 
supplying us with.serum ultrafiltrate in the early part of this work, and to Warner 
Institute for Therapeutic Research, 113 West 18th Street, New York City, for sup- 
plying the ultrafiltrate more recently. This institute is now prepared to supply 
serum ultrafiltrate made according to Dr. Simms’ directions. 

16 Sanders, M., J. Exp. Med., 1940, 71, 113; Sanders, M., and Molloy, E., Proc. 
Soc. Exp. Brot. AND Mep., 1940, 45, 327. 

17 Molloy, E., Proc. Soc. Exp. Brou. AnD Mep., 1940, 44, 563. 
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zones of spirochetal growth than comparable media containing serum 
ultrafiltrate, but other batches of ascitic fluid have been worthless. 

The agar base used in these studies, both for isolation and for 
maintenance of pure cultures, is the veal heart agar of Proske and 
Sayers,” without modification. This agar base may be prepared in 
large batches and stored in the refrigerator for several months. 
Sterile serum ultrafiltrate may likewise be stored in sealed containers 
for at least two months. 

The tissue used in most of these experiments has been guinea pig 
kidney; of the other tissues tried, guinea pig testicle seemed less 
effective, and rabbit kidney or testicle were not more effective. A 
guinea pig is exsanguinated and the kidneys removed aseptically 
and carefully freed from capsular connective tissue and fat. The two 
kidneys are then minced fine—so that the largest particles are about 
2mm wide—in 10 cc of serum ultrafiltrate diluted 1 part with 2 parts 
of Simms’ salt solution.’* Simms and Sanders** report that the cells 
in such finely minced adult tissues remain healthy for long periods 
in diluted serum ultrafiltrate, whereas larger fragments rapidly 
become necrotic at the center. About 0.1 ce of the suspension of 
minced kidney is used for each 10 cc of final medium. The tissue 
is transferred to the plates first with a sterile wide-tip pipette or 
glass tube. The agar base, liquefied and cooled to about 50°C, is 
then added to undiluted serum ultrafiltrate (warmed to about 40°C) 
in the proportion 2 parts of agar base to 1 part of ultrafiltrate, and the 
mixture poured into the plates over the minced kidney in such a way 
as to distribute the tissue particles uniformly. Plates are incubated 
aerobically at 37°C overnight, and then anaerobically at 37°C for 
an additional 24 hours or more to assure sterility before use. The 
plates may subsequently be stored in air at room temperature for at 
least 2 weeks without impairment of their ability to grow spirochetes. 

Just before use a well is cut in the center of each plate with a 
pipette drawn from thin-walled glass tubing so that the diameter of 
the tip is about 2 min. The well should preferably not reach the 
bottom of the plate, and care must be used to avoid undercutting the 
agar. A single stab inoculation is made with a straight platinum 
needle to a depth of about 2 mm obliquely into one side of the well, 
in such a way that neither the upper nor the lower surfaces of the 
agar are touched by the inoculum. In general, and particularly when 
a concentrated inoculum such as undiluted exudate is used, three 
or more plates should be stabbed serially without recharging the 


18 Simms, H. 8., and Sanders, M., to be published. 
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needle. Disruption of the medium by gas-forming bacteria is rarely 
seen in these plates because the well provides a pathway of escape 
for gas; but such disruption—one of the common difficulties with 
the tube method—may occur if the inoculum is too heavy or stabbed 
too deeply. 

The inoculated plates are incubated at 37°C inverted in jars made 
anaerobic with hydrogen, catalyzed by electrically heated platinized 
asbestos, and containing 5% of carbon dioxide. Spirochetes begin to 
appear on about the 4th day in primary plates, and are ready for 
examination and transfer on the 5th to the 7th day. 

In a successful primary plate bacterial contaminants are limited 
chiefly to the immediate vicinity of the stab and to the sides of the 
well, and do not extend more than a few millimeters over the surface 
of the plate from the well edge. The spirochetes, on the other hand, 
grow in the depths of the medium as a clearly visible haze extending 
well beyond the surface bacterial growth under the sterile agar sur- 
face. They can, therefore, be obtained free from bacteria merely by 
removing a portion of the infiltrated agar through the sterile surface 
at a distance from the bacterial growth. 

By the use of this method of primary isolation, spirochetal growth 
accessible without contamination has been obtained in plates from 23 
of a total of 29 clinic cases, chiefly fuso-spirochetal mouth infec- 
tions.* Of the 6 failures one was a case of fuso-spirochetal empyema 
in which exudate taken at operation showed no spirochetes under 
darkfield illumination but nevertheless induced a typical fuso-spiro- 
chetal response when inoculated subcutaneously into a guinea pig. 
The other 5 samples which yielded negative cultures were also either 
poor in spirochetes originally, or had been allowed to stand before 
inoculation until motility was lost. It is interesting that primary 
plates inoculated with exudates from experimental fuso-spirochetal 
infection in guinea pigs’? have been successful from all of the 21 
animals tested. 

These findings indicate the positive nature of the method of pri- 
mary isolation. On the other hand, whereas mixed bacterial and 
spirochetal growth can easily be subcultured repeatedly merely by 
transferring mixed growth from the central well with a straight 
needle to similarly prepared sterile plates, successful pure subculture 
of spirochetes is more difficult. Pure cultures have been obtained 


+ Heavy suspensions of gingival scrapings in 1 ce of broth were prepared for 
this purpose through the courtesy of Dr. D. E. Ziskin and his staff in the School 
of Dental and Oral Surgery, Columbia University. 

19 Rosebury, T., and Foley, G., J. Am. Dent. Assn., 1939, 26, 1798. 
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IMG IL, BS 
Primary plates inoculated by stab in central well with fuso-spirochetal exudates 
and incubated anaerobically at 37°C for 5 to 7 days. Scattered particles are frag- 
ments of minced guinea pig kidney ; lighter sector in upper portion of Fig. 1 ig 
kidney sediment. Mixed bacterial growth is present around the central well, with 
spirochetal growth extending beyond it in the depths of the medium. The three 
plates show different types of spirochetal growth. 
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Fig. 4. 
Pure plate culture of Treponema microdentium incubated 7 days anaerobically 


at 37°C, Kidney fragments are clumped chiefly in the upper portion. The vertical 
white line at the center of the area of spirochete growth is the residue of the 
inoculum, which apparently increases in density during incubation. 

Four pure tube cultures of ee creabaecd 7 days anaerobically at 37°C. 
The vertical white line in each is the inoculum, intensified during growth; the 
infiltrating hazes of spirochetal growth show different characteristics in the 4 tubes. 
in plates, using the same medium without wells, by transferring a 
column of spirochete-infiltrated agar with a sterile capillary pipette. 
Spirochetes growing nearest to the bacteria in the well seem to be 
most viable; hence the inoculum should be taken from an area as 
close to the well as is possible without contamination. The inoculum 
is introduced under the surface of the fresh plate by blowing through 
a rubber tube attached to the pipette, with care to avoid introducing 
air bubbles or otherwise breaking the agar surface. Successful pure 
subcultures have been obtained only when such transfers were made 
immediately after removing the primary plates from the anaerobic 
jar, without taking time, for example, to examine a portion of the 
inoculum under the darkfield microscope until after the transfers had 
been made and placed under anaerobiosis. Pure subcultures in plates 
have not been so consistently successful as subcultures from the 
primary plates into tubes. For this purpose the same medium is 
employed, using 5 cc in Wassermann tubes, except that a single piece 
of guinea pig kidney is used in the bottom of the tube in place of the 
minced tissue. One guinea pig kidney may be cut into at least 20 
pieces for this purpose. Again the transfer is made with a capillary 
pipette, the inoculum being drawn up with the aid of a rubber tube 
as an unbroken column about 2 cm or more in length, and carefully 
expelled without bubbles as the pipette is withdrawn in the vertical 
axis of the tube beginning a few millimeters above the kidney frag- 
ment. The tubes, like the plates, are incubated in anaerobic jars 
under hydrogen and 5% CO,. Pure cultures grow more slowly 
than primary cultures, requiring 7 to 9 days at 37°C; the spiro- 
chetes are then easily removed with capillary pipettes through the 
upper surface of the medium. This method of pure subculture has 
been applied only during the past few weeks. In that time 11 strains 
of small mouth spirochetes, including 7. microdentium and other as 
yet unidentified varieties, have been isolated and passed successfully 
through as many as 7 subcultures. These studies are being continued. 

Summary. Details are given of a method for primary anaerobic 
cultivation in small plates of spirochetes from human and experi- 
mental fuso-spirochetal exudates, and for their pure subculture in 
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plates and tubes. Successful primary plates were obtained in 23 
instances out of 29 cases of human infection, and from all of 21 
experimentally infected guinea pigs. Eleven strains of spirochetes 
have been isolated and subcultured in a short period with little 
difficulty. 
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Comparative Amino Acid Content of Serum Proteins in Normal 
Humans and in Patients with Rheumatoid Arthritis. 


Wa ter D. Block anp WiLtiam A. Murritu.* (Introduced by 
H. B. Lewis.) 


From the Rackham Arthritis Research Unit,t the Medical School, University of 
Michigan, Ann Arbor, Mich. 


The existence of a disturbance in sulfur metabolism in patients 
with chronic rheumatoid arthritis has been emphasized by Wheel- 
don.t Race’ has extended this concept of disturbed sulfur metabo- 
lism to include an alteration in the cystine content of serum proteins. 
In order to test the validity of this finding the determination of 
several amino acids, as well as the elemental analyses of total serum 
protein, were carried out in 11 patients with chronic rheumatoid 
arthritis and compared with the findings in 6 normal control subjects. 

Procedure. Fifty cc of venous blood were withdrawn from each 
subject (150 ce in the cases of control No. 6 and arthritic No. 11). 
The serum was separated and the total serum protein precipitated 
with 2 volumes of alcohol. The precipitate was dialyzed until it 
was sulfate and chloride free. It was then washed several times with 
95% alcohol, once with absolute alcohol and several times with ether, 
and dried in a vacuum desiccator over sulfuric acid for several days. 
The analytical methods for total nitrogen, total sulfur and the various 
amino acids were those previously employed by Block and Lewis.® 
The values for serum protein were corrected for ash and moisture 


* Research Fellow in Internal Medicine, 1940-1941. 

t The Rackham Arthritis Research Unit is supported by the Horace H. Rackham 
School of Graduate Studies, of the University of Michigan. 

1 Wheeldon, T., J. Bone and Joint Surg., 1935, 17, 693. 

2 Race, J., Reports on Chronic Rhewmatic Diseases, H. K. Lewis & Oo., Ltd., 
London, 1935, 1, 55. 

3 Block, W. D., and Lewis, H. B., J. Biol. Chem., 1938, 125, 561. 
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TABLE I. 
Analyses of Normal Human and Arthritic Total Serum Protein. 
——————————===_y——"_=_[aanaSx[—=—————SK\VK$K$—— 
: Age, Nitrogen Sulfur Cystine Tyrosine Tryptophane 
Subjects years Sex Jo Jo % 0 To 


Normal Controls: 


1 23 F 15.08 1.46 3.33 4.84 1.06 

2 22, F 15.38 1.23 3.29 4.63 1.42 

3 5) M 15.32 1.36 3.36 4.49 1.32 

4 28 F 15.88 1.29 4,28 1.34 

5 35 M 15.45 1.18 3.26 4.50 1.30 

6 22 M 15.28 esl 3.86 4.56 1.47 
Avg 27 15.40 1.34 3.42 4.55 NES 

Rheumatoid Arthrities: 

1 35 M 15.08 ial 3.36 4.86 1.46 

2 55 EF 15.14 1.41 Sells} 4.93 1.42 

3 42 M 15.24 1.50 BLOW Lay iS) 1g 2} 

4 2¢ M 14.12 ike Bool Part 1.42 

5 56 F 15.38 1.24 Soi, 4.83 1.46 

6 28 FE U3 1.29 3.42 4,99 1-23 

7 30 M 15.38 1.18 3.16 4.82 1.45 

8 51 M 15.10 1.61 3.41 4.94 1.41 

9 46 if 15.05 1.42 Boul 4.80 1.40 
10 53 M iy ilal neo 3.30 4.83 1.43 
aft 26 F 15.38 1.39 3.28 Daley 1.40 
Avg 4] 15.18 1.34 ei 4.96 1.41 


All values except the total nitrogen are corrected for ash and moisture as 
described in the text. 
by the following procedure. Assuming 16% as the average nitrogen 
content for serum protein corrected for ash and moisture, our various 
analytical values were multiplied by the ratio of 16 over the deter- 
mined nitrogen content. 

Results. The results are summarized in Table I]. Both the indi- 
vidual and average values for nitrogen and sulfur as well as for the 
individual amino acids are essentially the same for the arthritic and 
control subjects. These results, especially in regard to total sulfur 
and cystine content are contrary to the suggested findings of Race’ 
and indicate no alteration in the composition of the serum proteins 
of arthritic patients. This is well demonstrated by the average 
cystine content of 3.42% in the serum protein of normal controls as 
compared with average value of 3.37% in the arthritic subjects. 
The values of 5.2% arginine, 2.5% histidine, and 9.6% lysine 
obtained from the total serum proteins of normal controls likewise 
were not appreciably different from values of 4.9%, 2.1% and 8.4% 
for the corresponding basic amino acids of the total serum protein 
secured from arthritic subjects. Furthermore, the average values 
for the other amino acids in the total serum protein of arthritics 


376 INOSITOL IN CHICK NUTRITION 


show no essential deviation from those found in the total serum 
protein of normal individuals. 

Conclusions. The total sulfur, total nitrogen and the amino acid 
content of total serum proteins from normal and arthritic subjects 
were compared. No essential difference in values between the two 
groups could be found, invalidating any suggestion that an altered 
composition of the total serum protein of arthritic patients reflects 
a disturbed sulfur metabolism. 
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Inositol in Chick Nutrition.* 


D. M. Hecstep, G. M. Briees, R. C. Mitus, C. A. ELVEHJEM AND 
Ko-Be Harm 


From the Department of Biochemistry, College of Agriculture, University of 
Wisconsin, Madison, Wis. 


Eastwood’ showed inositol to be one of the bios factors required 
by certain yeasts. Recently Woolley” * has demonstrated that the 
mouse requires inositol for normal growth and the prevention of 
alopecia. Pavcek and Baum* have also found inositol to be effective 
in preventing lack of growth and “‘spectacled eye’ in rats maintained 
on certain purified diets. These results together with the isolation 
of phytic acid from chicken blood by Rapoport® suggested that the 
chick might also require inositol. 

Growth responses varying from 18 to 52 g in 4 weeks have been 
obtained upon the addition of inositolt to several different simplified 
chick rations (Table I). It is clear that inositol has a definite 
growth-promoting action although the response varies with the 
amount of inositol in the ration and the adequacy of the supplement 
used to supply unidentified growth factors. 


* This work was supported in part by grants from the Wisconsin Alumni 
Research Foundation and the Works Progress Administration. 

1 Eastwood, HE. V., J. Phys. Chem., 1928, 32, 1094. 

2 Woolley, D. W., Science, 1940, 92, 384. 

3 Woolley, D. W., Proc. Soc. Exp. Brot. AND Mmp., 1941, 46, 565. 

+Paveek, P. L., and Baum, H. M., Abst. of Papers, St. Louis Meeting, Am. 
Chem. Soc., April, 1941. 

5 Rapoport, 8., J. Biol. Chem., 1940, 135, 403. 
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TABLE I. 
Growth Responses Obtained with Inositol. 
Avg wt 
No.of at4wks 
Group Ration chicks g 
al 477 22 148 
7? -- 1% inositol 18 166 
2 477-KR + 10% molasses 5 76 
Jad Pad a + .1% inositol 5 121 
3 ie ie Ser 22 -+ SLE eluate 11 167 
AG = ed 22 + ” 7? + 1% inositol 11 203 
4 477 + SLE eluate 6 156 
oa »7 + 1% inositol 6 208 
5 477 + alc. sol. yeast eluate 12 162 
Bie ee ee 77 + 1% inositol 12 196 


Ration 477 is the same as ration 470 described previously® with 
the following additions: 3% of extracted kidney residue, .15% 
choline, 15 mg of pantothenic acid, 100 mg of nicotinic acid, and 
4 mg of pyridoxine per kilo. The thiamine and riboflavin content 
have been raised to 3 and 4 mg per kilo respectively and additional 
MnSO, has been added to raise the level of manganese to approxi- 
mately 60 p.p.m. Ten percent of blackstrap molasses replaced kid- 
ney residue in groups 2 and 3 as a source of the antidermatitis factor 
previously studied.’ SLE eluate designates a norite eluate prepared 
from solubilized liver extract? by adsorption at pH 3 and elution 
with 5% ammonia. 

These results extend our knowledge of the role of inositol in the 
nutrition of the mouse, rat, and yeast to that of the chick as well. 
No pathological symptoms other than lack of growth have been ob- 
served. However, it is quite probable that our rations are not com- 
pletely devoid of inositol and the studies are being continued in an 
attempt to obtain more satisfactory rations. 


6 Hegsted, D. M., Oleson, J. J., Elvehjem, C. A., and Hart, E. B., Poul. Sct., 
, 1940, 19, 167. 

7 Hegsted, D. M., Oleson, J. J., Mills, R. C., Elvehjem, C. A., and Hart, E. B., 
J. Nutr., 1940, 20, 599. 

t Wilson Laboratories. 


378 
1314528, 


Augmentative Effects of Estrogens and Chorionic Gonadotropin.* 


C. F. FLUHMANN. 


From the Department of Obstetrics and Gynecology, Stanford University School 
of Medicine. 


It has been shown’ *®* that. stilboestrol and estradiol dipro- 
pionate are able to stimulate increases in the ovarian weights of 
hypophysectomized rats, and that the concomitant administration of 
these substances with chorionic or equine hormone greatly enhances 
the gonadotropic effect. The present study demonstrates that a 
similar result may be obtained when estrogen is given to normal 
immature female rats prior to the injection of the chorionic gonado- 
tropin. 

A total of 93 immature female rats, 21 to 23 days of age, were 
used in this study. In each case the estrogen employed was dis- 
solved in sesame oil and given subcutaneously in 0.1 cc dosages 3 
times daily for 2 days, while the controls received the same amount 
of the plain oil. On the 3rd and 4th days the animals were given 3 
daily subcutaneous injections of chorionic hormone in the amounts 
indicated in Table I. In one experiment A.P.L. (Ayerst, McKenna 
and Harrison) was used, and in the others an estrogen-free prepara- 
tion (P.B.E.) made from blood of pregnant women as previously 
described.* The rats were autopsied on the 7th day. One group of 
15 animals was given estrogen for 2 days in the manner described 
above, and was sacrificed on the 5th day without receiving the 
chorionic hormone. 

The results are given in Table I. The injection of stilboestrol or 
alpha-estradiol dipropionate alone caused a slight increase in the 
weight of the ovaries, but this effect was not obtained with 6000 I.U. 
of a preparation of estrone (Theelin—Parke, Davis & Co.). A 
significant increase in the ovarian weights also was found when stil- 
boestrol or estradiol dipropionate was given in high dosages pre- 
vious to the administration of the chorionic hormone. This effect 


* Supported in part by the Rockefeller Fluid Research Fund of Stanford Uni- 
versity School of Medicine. 

i Williams, P. C., Nature, 1940, 145, 388. 

2 Pencharz, R. I., Science, 1940, 91, 554. 

8 Simpson, M. E., Evans, H. M., Fraenkel-Conrat, H. L., and Choh Hao Li, 
Endocrinol., 1941, 28, 37. 

4 Fluhmann, C. F., Proc. Soc. Exp, Biot. anp MEpD., 1932, 29, 1193. 
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TABLE I. 
Estrogen or Chorionic No. of Avg body 
control substance hormone rats wt Uterus Ovaries 

Sesame oil 0.6 ce UNG ee Waal) MLO 6 41 150 084 
Di-ovocylin* 0.12 mg ee 6 39 115 048 
a TERY ge et ed 6 39 2a .067 
Amniotint 1200 1.U. oe 6 45 144 .040 
Sesame oil 0.6 ¢¢ P.B.E. 1.5 ee 5 50 .083 .016 
Stilboestrol 1.5 mg ole 5 50 .080 £034 
ce DOr ae 5 43 .084 049 
Sesame oil 0.6 ce P.B.E. 1.5 ce 6 38 .067 .016 
Stilboestrol 3.0 mg ie 6 42 084 .044 
a) 6.0 ye ae 6 43 .096 .057 
a 9.0 2 2 6 38 .090 .045 
Sesame oil 0.6 ¢¢ P.B.E. 1.5 ee 5 51 .078 021 
Theelin? 1200 Te We ay 5 48 073 027 
Pe 6000 se as 5 49 .087 023 
Di-ovocylin 1.5 mg none 5 44 119 022 
Theelin 6000 L.U. We 5 38 .086 013 
Stilboestrol 9.0 mg 4 5 40) oll 021 
Uninjected controls 6 40 .037 0138 


* Alpha-estradiol dipropionate (Ciba). 

tAmniotin (Squibb) ; estrogenic substances. 

tTheelin (Parke, Davis) ; estrone. 

I.U. refers to international unit of estrone. 
is similar to that obtained with testosterone propionate,” and may 
point to an important difference between various estrogens since the 
increases with amniotin and theelin were comparatively slight. 

Summary. The preliminary administration to immature rats of 
high dosages of stilboestrol or alpha-estradiol dipropionate produces 
a significant increase in the effect of chorionic hormone on the 


resultant ovarian weight. 


5 Fluhmann, C. F., Hndocrinol., 1941, 28, 214. 
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Estrogen Content of the Blood at Four-Hour Intervals.* 


Americo S. AtBrieux.t (Introduced by C. F. Fluhmann. ) 


From the Department of Obstetrics and Gynecology, Stanford University School 
of Medicine. 


Several investigators have demonstrated that there is a periodic 
variation in the estrogen content of the blood of women at different 
stages of the menstrual cycle (Frank and Goldberger, Siebke, Mazer 
and Goldstein, Fluhmann and others). The methods of bioassay 
used by these authors, however, require such large amounts of blood 
that it has not been possible to use them for determining whether or 
not the concentration of the hormone remains constant during the 
course of each day. 

The test employed in this study requires only a few cubic centi- 
meters of whole blood and is based on the intravaginal application 
method first suggested by Berger? and Lyons and Templeton.” + 
Complete details of the procedure are reserved for a future com- 
munication, but it consists essentially of the introduction of small 
compressed pellets (40 to 80 mg) of whole blood, previously dried 
by dialysis,* into the vagina of standardized adult spayed rats. Three 
animals were used for each dose level and the results were judged 
from vaginal smears made at 48 and 60 hours following the intro- 
duction of the pellets. The results are given in terms of biologic rat 
units. 

This report is based on 4 subjects, one of whom was examined 
at 2 different stages of the menstrual cycle. Two were normal 
women, one complained of polymenorrhea, and the fourth had been 
operated upon 11 days before for an ectopic gestation. In each 
instance 5 specimens of blood were obtained at 4-hour intervals 
during the course of a 24-hour period and the estrogenic hormone 
content determined. 


The results are given in Table I, and it is seen that although the 


*Supported in part by the Rockefeller Fluid Research Fund of Stanford Uni- 
versity School of Medicine. 


+ John Simon Guggenheim Fellow. 

1 Berger, M., Alin. Wehnschr., 1935, 14, 1601. 

2 Lyons, W. R., and Templeton, H. J., Proc. Soc. Exp. Bio. AND Mep., 1936, 
33, 587. 

+ In our hands this method has proved sufticiently delicate to respond to one- 
tenth of the international standard of estrone dissolved in sesame oil. 

3 Thalhimer, W., Proc. Soc. Exp. Broy. AnD MEp., 1938, 37, 639. 
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TABLE I. 


Blood estrogen in rat units per 100 ce 
whole blood 


=A 
Patient Day of cyele Stamos eles 4 p.m. 8p.m. Midnight 
G 26 350 500 320 500 300 
A 23 250 250 250 300 250 
K il 250 250 250 250 250 
ae 16 350 300 300 300 300 
Ss 2 300 300 300 350 300 


*EKleyen days after operation for ectopic gestation. 


amount of estrogen varied during the course of the day in 4 out of 
5 cases, the difference may be considered as significant (over 150 rat 
units per 100 cc of whole blood) in only one instance. A difference 
of 50 units was observed on 3 occasions but it is doubtful that this 
change is of importance. There was no consistency in the time of 
day or night at which the rises occurred. 

Summary. The estrogenic hormone content of the blood of 
women was determined at 4-hour intervals during the course of one 
day in 5 instances. A significant diurnal rise was noted once, a minor 
increase in 3 cases, and a constant level was found in one case. 


13147 


Concentration of Estrogenic Hormones in Blood Serum and 
Blood Cells.* 


Americo S. ALBRIEUX.t (Introduced by C. F. Fluhmann. ) 


From the Department of Obstetrics and Gynecology, Stanford University School of 
Medicine. 


Since the work of Kemp and Bjergaard' it has been accepted that 
the estrogens in the biood of pregnant women are about equally 
divided between the plasma and the cells. These assays, however, were 
conducted following chemical extraction, and a very different result 
has been found in non-pregnant individuals by using dried blood 
for direct examination. 

In this study the serum and blood cells were separated by centri- 
fugation and then dried by placing in cellophane tubes on which an 


* Supported in part by the Rockefeller Fluid Research Fund of Stanford Uni- 
versity School of Medicine. 

+ John Simon Guggenheim Fellow. 

1 Kemp, T., and Bjergaard, K. P., Compt. rend. Soc. de Biol., 1932, 111, 329. 


ESTROGENS IN SERUM AND CELES 


(Ss) 
CO 
bo 


TABLE I. 
ed 
Rat units of estrogen per 100 ¢¢ 


= Sa ae 
Specimen Diagnosis Day of cycle Serum Blood cells 

B 3332 Dysmenorrhea 20 200 500 
B 3343 ee 2 200 400 
B 3355 ee 9 300 500 
B 3367 es 16 300 600 
B 3371 a? 11 220 900 
B 3384 ae 21 250 400 
B 3393 tid 1 200 700 
B 3406 a 12 220 500 
B 3409 Sterility 3 220 500 
a 21 200 400 

a 28 200 400 

Polymenorrhea ial 180 400 

x 18 250 450 

ie 25 200 400 

B 3303 Amenorrhea 200 500 
B 3317 es 280 600 
B 3335 ue 250 600 
B 3307 Menopause 200 500 
B 3316 di) 300 600 
B 3327 He 150 400 


electric fan was allowed to play for a few hours.* The resultant 
powders were then compressed into small pellets which could be 
inserted directly into the vaginae of standardized adult spayed rats. 
Three animals were used for each dose level, and the results were 
based on vaginal smears made 48 and 60 hours after the introduction 
of the pellets. 

The results of 20 observations are given in Table I, which shows 
that when bioassays are made in this manner the cells contain from 
2 to 4 times as much estrogen per unit volume as the blood serum. 

Summary. The blood serum and blood cells of a group of 20 
non-pregnant women were examined tor their estrogenic hormone 
content by the intravaginal application of pellets made from desic- 
cated material. The blood cells were found to contain two or more 
times as many rat units per unit volume as the blood serum. 


2 Thalhimer, W., Proc. Soc. Exp. Biot. AND MED., 1938, 37, 639. 
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Confirmation in vitro of Griffith-Campbell Method for Measuring 
Blood Volume. 


J. Q. GRIFFITH, JR.* 


From the Robinette Foundation and the Medical Clinic of the Hospital, University 
of Pennsylvania. 


Beckwith and Chanutin’ state that “in the hypertensive partially 
nephrectomized rat, the plasma volume was increased, the red cell 
volume decreased and the total blood volume remained unchanged.” 
In referring to a paper by Griffith and Ingle,? who found an elevated 
blood volume in hypertensive partially nephrectomized rats, they say, 
“On inspection of their procedure for estimating blood volume, it 
appears that they neglected to take the red cell volume into considera- 
tion and the values reported by them probably represent plasma 


volumes .... the increased plasma volumes (found by Beckwith and 
Chanutin) .... agree with the reinterpreted data of Griffith and 
Ingle.”’ 


The blood volume method used by Griffith and Ingle was that 
previously reported by Griffith and Campbell.* In this method 0.3 cc 
of 5% vital red is injected intravenously and 414 minutes later 50 
emm of whole blood are removed and placed in 2.95 cc of physiologic 
saline, the resulting volume being 3 cc and the blood dilution 1 :60. 
After centrifuging, 2 cc of the supernatant fluid are removed and 
compared in a colorimeter with suitable standards. The red cells 
remain in the 1.0 cc left in the test tube, and a slight error is thus 
introduced in that the volume which the cells occupy is included in 
the 3 cc but does not contain an aliquot portion of the dye. The dye 
is actually contained in 3 cc less the volume of the cells. If the cells 
comprised 50% of the total blood, the figure would be 3.0 cc less 
025 cc or 2.975 cc. This represents an error of 0.8%, and would 
make the calculated figure too low by that amount. However, the 
accuracy of the method is probably only about 5%, and such a cor- 
rection appears unnecessary. Moreover, the range of variable con- 
centrations of red cells consistent with life is such that the highest 


*Atwater Kent Fellow in Medicine. 
1 Beckwith, J. R., and Chanutin, A., Proc. Soc. Exp. Bron. AND Mep., 1941, 


46, 66. 
2 Griffith, J. Q., and Ingle, D. W., Proc. Soc. Exp. Brot. anp Mup., 1940, 


44, 538. 
3 Griffith, J. Q., and Campbell, R., Proc. Soc. Exp. Bion. AnD Mep., 1937, 


SE 38. 
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red cell volume would differ from the lowest by somewhat less than 
25 cmm. In comparisons of blood volumes for different animals 
the actual error from omitting this correction would probably be 
less than 0.5%. 

To confirm this in vitro, the following experiment was performed: 
(1) To 5 cc of citrated blood having an hematocrit: value of 43, 0.3 
cc of 5% vital red was added and, after thorough mixing, 50 cmm 
of the citrated blood with the dye were removed and carried through 
the procedure detailed above. The value was found to be 4.9 cc. 
(2) Five ce of citrated blood mixed with serum to give an hemato- 
crit value of 18 was carried through the same procedure. The value 
found was 4.7 cc. (3) Five cc of serum were treated similarly. The 
value found was 5.0 ce. 

Thus the differences between the resuits of Beckwith and Chanutin 
and those obtained by Griffith and Ingle cannot be explained by the 
latter's misconception of their blood volume method. Certain fur- 
ther points should also be kept in mind: (1) Chronicity of the ex- 
periment. Beckwith and Chanutin used animals operated 3 to 4 
months previously. Blood pressures were not measured but hyper- 
tension was “judged by the tortuosity and dilatation of the carotids.” 
Griffith and Ingle used animals approximately 2 weeks after the sec- 
ond operation or 3 weeks after the first. They actually measured 
blood pressure, and not all animals were hypertensive. Tortuosity 
and dilatation of the carotids were not noted. (2) The presence 
or absence of anemia. Beckwith and Chanutin’s rats were anemic. 
Griffith and Ingle did not measure the red cell volume in the animals 
whose blood volume was measured, but similar animals did not show 
a significant degree of anemia as compared with controls. If a 
normal red cell volume were added to the plasma volume figures of 
Beckwith and Chanutin, the results for blood volume would approach 
those of Griffith and Ingle. (3) Technical differences. The two 
groups of workers used different dyes and different times for col- 
lecting samples. Griffith and Ingle removed less renal tissue in the 
second operation than did Beckwith and Chanutin and many of their 
animals recovered from their hypertension, whereas those of the 
latter apparently did not. 
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Isolation of L Type Growth from a Strain of Bacteroides 
funduliformis.*+ 


Louis DIENEs. 


From the Department of Pathology and Bacteriology, Massachusetts General 
Hospital, and the R. W. Lovett Memorial, Harvard Medical School, Boston. 


It has been described in a previous note that in cultures of certain 
bacterial strains belonging to various species tiny colonies, similar to 
young colonies of the pleuropneumonia group of organisms develop.* 
During the last year these colonies were isolated in pure culture 
from a strain of flavobacterium and one of Bacteroides funduliformis 
respectively. The colonies isolated from the flavobacterium always 
died out after 2 or 3 transplants; those isolated from the funduli- 
formis apparently can be indefinitely maintained in cultivation. 
Colonies resembling those of the organism of pleuropneumonia bovis 
were first isolated by Klieneberger from cultures of Streptobacillus 
moniliformis.” She designates them with the letter L. Recently 
she described the isolation of similar cultures from a Gram negative 
streptobacillus causing suppurative lesions in guinea pigs.* The 
characteristics which differentiate these L type colonies from the 
usual bacterial colonies are the following: 

The colonies are very tiny. The growth extends not only on but 
beneath the surface of the medium. The growing elements of the 
colonies are tiny pleomorphic granules and fine filaments which swell 
up and may form large round bodies of 5 to 10 micra. The pleo- 
morphism of the cultures is accentuated by the softness of the ele- 
ments. They are disfigured by the slightest tearing and for this 
reason are not recognizable in dry smears. The colonies have a 
marked tendency to autolyze. 

A strain of funduliformis was isolated from a case of generalized 
peritonitis. Immediately after isolation the bacterium was similar 
in many respects to Streptobacillus moniliformis. It grew in the 
form of Gram negative segmented filaments which in fully developed 


* The expenses of this investigation were defrayed in part by a grant from 
the Commonwealth Fund. 

+ This is publication Number -53 of the R. W. Rovett Memorial, Harvard 
Medical School. 

1 Dienes, L., Proc. Soc. Exp. Brot. aND MEp., 1939, 42, 636. 

2Klieneberger, E., J. Path. and Bact., 1935, 40, 93; 1936, 42, 587. 

3 Klieneberger, E., J. Hygiene, 1940, 40, 204. 
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colonies became pleomorphic and many of the bacteria swelled up 
into large round bodies. The colonies autolyzed within a short time 
and after 3 days’ incubation could not be further transplanted. The 
strain is strictly anaerobic and not pathogenic for mice or guinea 
pigs. The colonies grew to a larger size and the bacterial filaments 
were thicker than those of Streptobacillus monilifornus. L type 
growth never developed beneath the colonies. 

The growth of this strain was most abundant on rabbit serum agar 
plates. When fresh growth from such plates was transferred to 
horse blood agar plates only a few bacterial colonies developed on the 
thickly inoculated places. After 2 days’ incubation many very tiny 
colonies appeared between the bacterium colonies and on the less 
thickly inoculated parts of the plate. These tiny colonies in a stained 
agar preparation were indistinguishable in appearance from young 
colonies of the Ll of Klieneberger. They consisted of a few deeply 
stained large bodies lying on the surface of agar and of small pleo- 
morphic deeply stained granules growing like roots in several direc- 
tions into the agar. The technic used for the staining of the cultures 
has been described previously.* 

Squares of agar containing the tiny colonies were cut out and 
transferred to boiled blood ascitic fluid or rabbit serum agar plates 
so that the colonies were lying on the fresh medium. No bacterial 
growth developed in the transplants but the original L type of colonies 
increased considerably in size and a similar growth developed be- 
neath the colonies in the fresh medium. Proceeding in a similar 
way, 1n one series a good growth of L type of colonies was obtained 
in 12 consecutive transfers. If an agar block with well developed 
colonies was pushed over the surface of the medium a few colonies 
developed on the smeared area but thus far the cultures can be kept 
growing in successive transfers only beneath the agar blocks. The 
fully developed colonies as well as the young ones were similar to 
the Ll of Klieneberger. They consisted of similar elements and 
their surface was covered, as in the case of LI colonies, with deeply 
stained large round bodies. It was noticeable, however, that the 
colonies were looser than the Ll colonies. They branched out more 
into the medium and continued to grow for a longer period. Like 
their parent bacterial strain the L type of culture obtained from 
funduliformis grew only under anaerobic conditions. 

Another strain of Bacteroides funduliformis which was studied 
produced no L type colonies though the bacteria on certain media 
swelled up into large round bodies. 


4 Dienes, L., J. Inf. Dis., 1939, 65, 24. 
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The isolation of the L type of growth was made possible both in 
the case of flavobacterium and of funduliformis by the elimination of 
viable bacteria by autolysis. The other cultures also in which the 
L type of colonies were observed, as in certain strains of Bacillus 
colt, Bacillus influenzae and of the gonococcus, possess a tendency to 
autolyze. In these cultures, however, the autolyzing was not com- 
plete and thus far all attempts to isolate the L type of growth have 
remained unsuccessful because the transplants were overgrown by 
bacteria. 
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Relative Germicidal Action of Some Halogenated Phenols 
and Their Phenolates. 


E. J. ORpAL. (Introduced by W. P. Larson.) 


From the Department of Bacteriology and Pathology, University of Washington, 
Seattle. 


Klarmann, Shternov and von Wowern' showed that the substitu- 
tion of one, 2, and 3 atoms of chlorine into the phenol molecule led 
to a progressive increase in the germicidal action of the resulting 
compounds. Unfortunately, at the same time the solubility of the 
phenolic compounds decreased markedly with substitution. The 
sodium salts of these halogenated phenols possess a considerably 
greater solubility than the phenols themselves, but there is no ex- 
plicit information available in the literature as to the actual germicidal 
power of the phenolates. 

Tilley and Schaeffer* showed that the germicidal efficiency of 
phenol decreased with an increase in percentage of sodium hydroxide 
added until the percentage of sodium hydroxide equalled or slightly 
exceeded that required to neutralize the phenol. Phenol is a weak 
acid with the acid dissociation constant K's = 1.06 X 10° at 25°C° 
Consequently a completely neutralized solution of phenol will be 
strongly alkaline, and an attempt to evaluate the actual germicidal 
action of the phenolate is complicated by the alkalinity of the solution. 
The substitution of chlorine atoms into the phenol molecule increases 


1 Klarmann, E., Shternov, V. A., and von Wowern, J., J. Bact., 1929, 17, 423. 

2 Tilley, F. W., Schaeffer, J. M., J. Agr. Res., 1931, 43, 611. 

3 International Critical Tables, prepared by National Research Council of the 
U:S.A., 1929. 
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the strength of the molecule as an acid and makes it possible to 
evaluate the relative germicidal action of some undissociated phenols 
and their phenolates without undue interference by excess acidity or 
alkalinity. 

In this investigation 3 substituted phenols: o-chlorophenol, 2, 4 
dichlorophenol and 2, 4, 6 trichlorophenol were tested in moderately 
acid and alkaline solutions. The acid series of solutions were made 
by diluting weighed quantities of the several phenols with M/60 
phosphate buffer of approximately pH 6.1. The alkaline solutions 
were made by adding standard sodium hydroxide to weighed samples 
of the phenols to adjust them to the neighborhood of pH 9.8 and 
diluting with M/60 carbonate buffer at pH 9.8. The pH of each 
solution tested was accurately determined with a glass electrode. 

Germicidal tests were made using the Food and Drug Administra- 
tion* procedure for Staphylococcus aureus, except that the tempera- 
ture of the experiment was 25°C and that subcultures were made into 
molten agar at 42-43°C and plates poured instead of using tubes of 
broth. Colony counts were made after 48 hours’ incubation at 37°C. 

The relative germicidal effects in acid and alkaline solutions are 
shown in Table I. 


TABLE I. 
Germicidal Action of Chloro-Substituted Phenols in Acid and Alkaline Solutions. 


Colonies per plate 
Cone. of phenol 


i ji kn i aan 
Compound in g per L pH of sol. d5min 10min 15 min 
o-chlorophenol 4.00 6.09 0 0 0 
3.63 6.10 24 0 0 
3.33 6.10 320 37 4 
58.8 9.93 0 0 0 
39.2 9.89 20 0 0 
29.4 9.87 1100 ~=—-670 380 
2,4-dichloropheno] 0.833 6.10 3 0 0 
0.769 6.10 39 0 0 
0.715 10 344 25 0 
40.7 9.98 0 0 0 
30.5 9.93 12 0 0 
24.4 9.90 124 36 0 
16.3 9.86 1300 700 370 
2,4,6-trichlorophenol 57 5.84 0 0 0 
500 5.86 45 0 0 
444 5.88 450 58 6 
40.0 9.76 0 0 0 
34.3 9.80 14 3 0 
30.0 9.82 230 40 0 


4 Circular No. 198, 1931, U. 8S. D. A. 
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TABLE II. 
Composition of Critical* Germicidal Solutions. 
e6=“—“»——=aw“0—w—990OOOowoO9oO0DOoo em” eee 


Total Cone. of 
phenol  undissociated Cone. of 
E added phenol — phenolate ion 
pK’, pHofsol. inmoles/L inmoles/L in moles/L 
Compound at 25°C tested x 103 x 103 < 103 
o-chlorophenol ‘ 6.10 28.2 28.1 sll 
8.5 
9.89 305. TRIED 293.1 
2,4-dichlorophenol 6.10 4.72 4.62 all 
ton 
9.93 187.3 no 186.1 
2,4,6-trichlorophenol 5.86 2.53 1.68 85 
6.2 
9.80 73:6 04 173.6 


“Solutions most nearly sterilizing in ten minutes but not in five at 25°C. 


It is evident from Table | that there is a sharp drop in the germi- 
cidal activity when the solutions are made alkaline. 

For purposes of comparison the solutions most nearly sterilizing 
in ten minutes but not in five were designated as critical solutions. The 
actual concentrations of undissociated phenols and of phenolates 
were calculated for these solutions from the total concentration of the 
phenol and from the pK’a values of the substituted phenols. The 
pK. values for 2.4-dichlorophenol and 2,4,6-trichlorophenol were 
obtained from Krahl and Clowes?’ while that for o-chlorophenol was 
obtained from Murray and Gordon.® The results are expressed in 
Table II. 

It is evident from Table II that the germicidal strength of the 
phenols increases directly with the number of chlorine atoms sub- 
stituted, thus confirming the results of Klarmann, Shternov and von 
Wowern.' Comparison of the acid and alkaline solutions show 
that the undissociated phenolic compounds are far more germicidal 
than their phenolates, although the phenolates are not without tox- 
icity. In the case of 2,4,6-trichlorophenol it is possible to get an 
estimate of the relative germicidal strength of the undissociated 
compound as compared with the phenolate since only a trace of the 
undissociated phenol is to be found in the solution at pH 9.80. From 
the ratio of the concentration of phenolate at pH 9.80 to that of the 
phenol at pH 5.86 it appears that the undissociated phenol is approx- 
imately 100 times more active than its phenolate under the condi- 
tions of the experiment. 


5 Krahl, M. E., and Clowes, G. H. A., J. Cell. and Comp. Physiol., 1938, 11, 1. 
6 Murray, J. W., and Gordon, N. E., J. Am. Chem. Soc., 1935, 57, 110. 


390 
13151 


Isolation of Uroporphyrin from the Feces in Idiopathic 
Porphyria.* 


SAMUEL SCHWARTZ AND C. J. WATSON. 


From the Division of Internal Medicine, University of Minnesota Hospital, 
Minneapolis, Minn. 


Since the first description of uroporphyrin by H. Fischer’ this 
substance has been believed to be excreted only in the urine. Numer- 
ous publications concerning the excretion of porphyrins under normal 
or pathological conditions have failed to mention the occurrence of 
uroporphyrin in the feces. We have found it in the form of the 
zinc complex in the feces of four out of five cases of idiopathic 
porphyria.t Its presence was questionable in the fifth. Although 
uroporphyrin was readily identified in the feces of cases 1 and 3, 
the method of purification available at the time these were studied 
was inadequate to permit crystallization. By means of an improved 
method entailing chromatographic analysis, crystalline uroporphyrin 
has been isolated from cases 4 and 5. The method employed was as 
follows: The untreated feces was ground in a mortar with methyl 
alcohol saturated in the cold with hydrochloric acid gas. The methyl 
alcohol extract was filtered from the fecal residue on a Buchner 
funnel, and the residue was then extracted twice more by grinding 
in a mortar with an additional amount of methyl alcohol HCI. The 
combined methyl alcohol extract was allowed to stand overnight. It 
was then mixed with chloroform and several volumes of water and 
shaken in a separatory funnel. The chloroform fraction was washed 
twice with water and once with 10% NH,OH. Shaking with an 
equal volume of 7% NaCl quickly breaks any emulsion. The chloro- 
form was washed twice more with NaCl solution. It was next 
filtered through chloroform moistened paper and mixed with 10 
volumes of petroleum ether. The filtrate was then passed through 
a column of Brockmann’s Al,O, (Merck) 1.5 x 12 em in dimensions. 
The precipitate was redissolved in the least possible concentration of 
chloroform in petroleum ether, This was also filtered through the 


* Aided by a grant from the John and Mary R. Markle Foundation, New York 
City. 

1 Fischer, H., Z. f. physiol. Chem., 1915, 95, 34. 

+ We are indebted to Doctors A. R. Hall and John Noble, St. Paul, Minnesota, 
Doctors C. E. Lynn and A. G. Plankers, Dubuque, Jowa, and (Dr. W. H. Ford, 
Minneapolis, Minnesota, for their permission to study cases 1, 2 and 3 respectively. 
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Al.O; column after the original 1:10 mixture had almost completely 
passed through. A chromatogram as seen in Fig. 1 was then devel- 
oped by elution with increasing concentrations of CHC1, in petroleum 
ether. 

The proportions of CHCl, to petroleum ether as given for the 
various zones in Fig. 1, refer to the mixture used in eluting each zone. 
For example, the lower orange zone was completely removed with 
the 1:10 mixture while the uroporphyrin zone* was moved but slight- 
ly, and eventually required a 1:1 mixture for complete elution. Thus 
it is seen that the chromatogram in Fig. 1 is really composite since 
zones 1, 2, and 3 were removed before the remainder of the chro- 
matogram was well developed. 

It should be noted that a number of samples of feces from cases 
4 and 5 were individually subjected to the above procedure. In 
some instances the total amount of pigment was relatively too large 
for the first Al.O. column with the result that there was some over- 


10 
CHC13 : Pet. ether 


Brown : Stercobi/in +* 


ra g Red =: Uroporphyrin wae 


fe2 Yt} Violet : Mesobiliviolin 
seal 
1:3 Wii" Brown : Unidentified 


1:4 Green : Glaucobi/in * 
ee Red : Unidentified porphyrin = 
‘ Red : Coproporphyrin®™ 
ea Red: Protoporphyrin™® 
ai, Red  . Unidentified compound ud 
1310 Orange: Unidentified (carotenoid ? ) 


ENG 
Chromatogram as developed by elution with increasing proportions of CHCl; 
in petroleum ether. 
*Obtained in crystalline form from the feces of case 4. Present also in feces 
of case 5, but not crystallized. 
**Orystallized from feces of both cases 4 and 5 repeatedly. 


2 Watson, 0. J., J. Biol. Chem., 1936, 114, 47. 
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lapping of zones and the primary chromatogram in these instances 
was not as well defined as shown in Fig. 1. This necessitated prepa- 
ration of secondary chromatograms from 2 or more overlapping 
zones. 

The eluent from each of the zones noted in Fig. 1 was concen- 
trated on the water bath to a volume of 1-2 cc, and hot methyl alcohol 
was then added. After further concentration to remove any re- 
maining petroleum ether or chloroform, crystallization occurred, 
on cooling, in the fractions as indicated by the asterisks in Fig. 1. 
The stercobilin from zone 10 was not crystallized as the ester, but 
rather as the hydrochloride after saponification by heating for one- 
half hour in dilute NaOH, followed by acidification with HCl, and 
further treatment in the usual manner.” The glaucobilin methyl 
ester from case 4 crystallized directly and after 2 recrystallizations 
melted at 222-223°C (uncorrected). The protoporphyrin methyl 
ester from case 4 melted at 216-217°C (uncorrected) after 3 crystal- 
lizations from CHCl,-methyl alcohol. On one occasion copropor- 
phyrin III methyl ester was obtained from case 4, the crystals melting 
at 160-165°C. It may be emphasized that the esters of uro-, copro-, 
and protoporphyrin have always been noted on the Al,O; column 
in the order shown in Fig. 1. Uroporphyrins were isolated re- 
peatedly from both cases + and 5. These were spectroscopically 
identical with uroporphyrin as isolated from the urines of all 5 cases. 
The melting points of the methyl esters clearly indicated a mixture 
of the types I and III isomers. H. Fischer and Hofmann* have 
shown that uro- | ester melts at 302°C (uncorrected) while uro- III 
ester was found by Waldenstrém* to melt at 258°C (uncorrected). 
In the present study crystals from case 4 melted at 267°C (uncor- 
rected), and from case 5 at 280°C (uncorrected). On decarboxyla- 
tion of the uroporphyrins by the usual method® a mixture of copro- 
porphyrins I and III was obtained in both cases. Those of case 4 
were separated completely by the Al,O,-acetone method as previously 
described.© The copro- I ester melted at 248°C (uncorrected), and 
the copro- III ester at 145°C (uncorrected), and after crystallization, 
at 175-180°C (uncorrected). The amount of the latter was insuffi- 
cient for recrystallization which may explain the somewhat elevated 
second melting point. The characteristic dimorphic melting of 
copro- III methyl ester was clearly evident, however. It may be 


’ Fischer, H., and Hofmann, H. J., Z. f. physiol. Chem., 1937, 246, 15. 

4 Waldenstrém, J., Z. f. physiol. Chem., 1935, 238, 1. 

5 Fischer, H., 7. f. physiol. Chem., 1916, 97. 109. 

6 Watson, C. J., and Schwartz, S., Proc. Soc. Exp. Brot. AND MEp., 1940, 44, 7. 
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noted further that crystals were of the typical rosette type, while 
those of the copro- I ester were the characteristic curved needles 
which were relatively insoluble in methyl alcohol. 

Waldenstr6m* found that uroporphyrin III is extracted by ethyl 
acetate from an aqueous solution at pH 3.0-3.2 (barely gray-blue to 
Congo paper by the addition of a very small amount of dilute HCl). 
The uroporphyrin III from each of the above cases behaved in this 
manner. It must be emphasized, however, that uroporphyrin is not 
unique among the porphyrins in being ether insoluble and ethyl 
acetate soluble, since we have encountered at least one and probably 
two porphyrins behaving in this manner, but nevertheless clearly 
distinct from uroporphyrin. These have not yet been identified and 
are being studied further at the present time. 
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A Simple Test for Urinary Porphobilinogen.* 


C. J. WATSON AND SAMUEL SCHWARTZ. 


From the Division of Internal Medicine, University of Minnesota Hospital, 
Minneapolis, Minn. 


The urines of patients suffering from idiopathic porphyria have 
often been noted to exhibit strong Ehrlich reactions, in many in- 
stances at least, not due to urobilinogen. Waldenstrom’s studies” * 
clearly demonstrated that the chromogen responsible for the Ehrlich 
reaction in these urines is quite distinct from urobilinogen, which is 
of course, most often implicated in other pathological states. During 
the past 3 years we have had opportunity to investigate urine samples 
from 5 cases of so-called “acute” idiopathic porphyria.t In each 
instance the urine contained the zinc complex of uroporphyrin in 
considerable amount. The subject of zinc uronorphyria as a disease 
entity will be considered in a separate communication. These urines 
also exhibited Ehrlich reactions in varying degree, at times very 


* Aided by a grant from the John and Mary R. Markle Foundation, New York 
City. 

1 Waldenstrém, J., Studien uber Porphyrie, Act. Med. Scand. Suppl., 1937. 

2 Waldenstrém, J., and Vahlquist, B., Z. f. physiol. Chem., 1939, 260, 189. 

+ We are indebted to Doctors A. R. Hall and John Noble, St. Paul, Minnesota, 
Doctors CG. E. Lynn and A. G. Plankers, Dubuque, Iowa, and Dr. W. H. Ford, 
Minneapolis, Minnesota, for their permission to study cases 1, 2 and 3 respectively. 
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intense. In the first 4 cases, the freshly voided urine was already 
red-brown in color, becoming darker on exposure to light. In the 
fifth case, the fresh urine was for the most part normal in color, 
exhibiting a strong Ehrlick reaction. On standing in the light for 
several days the urine from this case likewise became a deep red- 
dish-brown, containing now both the zinc complex of uroporphyrin 
and the reddish-brown porphobilin.* Waldenstrom pointed out 
that porphobilinogen is much less soluble in organic solvents than 
is urobilinogen," * In addition to confirming this, we have found 
that the porphobilinogen aldehyde compound as formed in the Ehrlich 
reaction is wholly insoluble in chloroform, while that of urobilinogen 
is readily and easily extracted with this solvent. The reaction as we 
have carried it out is as follows: Equal parts of urine and Ehrlich’s 
reagent? are mixed in a test tube. To this mixture is then added an 
equal volume of a saturated aqueous solution of sodium acetate. A 
few cc of chloroform are then added, and the solutions are thoroughly 
mixed. The aldehyde compound of porphobilinogen remains in the 
aqueous fraction while that of urobilinogen is completely extracted by 
the chloroform. We have repeatedly convinced ourselves that a mix- 
ture of the two substances can be separated completely by this 
method. It should be emphasized that the solution must contain the 
concentration of salt as achieved by the above proportions ; otherwise 
the extraction of urobilinogen will not be complete. Indol added to the 
urine exhibits a positive Ehrlich reaction with a color very similar 
to that given by either urobilinogen or porphobilinogen. The char- 
acteristic absorption band is found in the region of 570 mp (max. ) 
while that of the urobilinogen or porphobilinogen aldehyde com- 
pound is maximum at 562 mz. The indol aldehyde color, like that of 
urobilinogen, is completely extracted by chloroform under the con- 
ditions noted. Thus it is believed that a chloroform insoluble com- 
pound, as obtained in the above method, is due to porphobilinogen 
and is pathognomonic of perphyria. The urine should be examined 
for this reaction in any case having symptoms suggestive of por- 
phyria, such as unexplained abdominal pain, flaccid paralyses, or 
other nervous manifestations. Obviously the reaction will be of most 
value in the cases in which the freshly voided urine is normal in 
color. The relative insolubility of porphobilinogen in organic sol- 
vents has so far prevented purification of the substance, and. it is 
not yet known whether porphobilinogen is also excreted as the zinc 
complex or whether the zinc is combined only with uroporphyrin. 


{0.7 g p-dimethylaminobenzaldehyde; 150 ce coneentrated HCl; 100 ce dis- 
tilled water. 
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Effect of Sulfonamide Compounds upon Growth of Staphylococci 
in Presence and Absence of p-Aminobenzoic Acid.* 


WesLey W. SPINK AND JEAN JERMSTA. 


From the Division of Internal Medicine, University of Minnesota Medical School, 
and University Hospital, Minneapolis. 


A series of observations has been made concerning the effect of 
sulfonamide compounds upon the growth of staphylococci. Com- 
parative studies were made with sulfanilamide, sulfapyridine, sulfa- 
thiazole and sulfadiazine. At the same time, the inhibitory effect 
of p-aminobenzoic acid upon the bacteriostatic action of these com- 
pounds was investigated. 

Methods. Four strains of S. awreus were utilized. They were 
isolated from patients having severe staphylococcal infections. Each 
strain produced coagulase and fermented mannite. To facilitate 
standard conditions, a synthetic medium was used throughout these 
studies. This chemically-defined medium was the same as described 
by Gladstone.’ The advantages of using such a medium for study- 
ing the growth-inhibitory effects of the sulfonamide compounds 
are: it contains neither peptone nor neopeptone; it provides a basal 
medium of known constituency; and it supports growth of the 
organisms as readily as the usual broth media used for staphylo- 
cocci. 

Several generations of each of the 4 cultures were grown in the 
synthetic medium before utilizing a 24-hour culture in the experi- 
ments to be described. After several preliminary studies, it was 
found satisfactory for our present purposes to add 0.05 cc of a 
1:10 dilution of the 24-hour culture to 11 ce of the basal medium. 
The approximate number of cocci added was determined by making 
agar pour plates of varying dilutions of the original inoculum. The 
following study was made with each of the strains. Control tubes 
contained only the basal medium and added organisms. Seven tubes 
containing the basal medium and organisms had p-aminobenzoic acid 
in varying concentrations added to them. The final concentration of 
p-aminobenzoic acid was respectively 2.0, 0.4, 0.08, 0.016, 0.0032, 
0.00064, 0.000128 mg per 100 cc. The purpose of this was to deter- 


mine whether p-aminobenzoic acid inhibited or stimulated the growth 


* Aided by a grant from the Committee on Scientific Research of the American 
Medical Association. 
1 Gladstone, G. P., Brit. J. Exp. Path., 1937, 18, 322. 
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of staphylococci. Different concentrations of each of the sulfona- 
mide compounds were added to tubes containing the basal medium 
and organisms. Freshly prepared solutions were made by dissolving 
the compounds in sterile distilled water. The sodium salts of sulfa- 
pyridine, sulfathiazole and sulfadiazine were used. Under these con- 
ditions, the final concentrations of each of the sulfonamide compounds 
were 10, 5, 3, and 1 mg per 100 cc. Finally, a series of test tubes was 
set up containing the basal medium, organisms and different con- 
centrations of p-aminobenzoic acid and each of the sulfonamide 
compounds as shown in Table I. All of the tubes with their con- 
tents were incubated at 37°C for 24 hours. This time interval was 
selected as being optimal for studying growth after many observa- 
tions had been made using intervals of 12, 48, and 72 hours. The 
degree of bacterial growth was measured according to the turbidity 
of the contents in each tube at the end of 24 hours. For this pur- 
pose, readings were made with the Evelyn photoelectric colorimeter 
using a 540 filter. The contents of each tube were thoroughly 
mixed, transferred to previously standardized absorption tubes, and 
the amount of light transmitted through each tube was determined. 

As a standard, a tube containing the water-clear basal medium 
was used. It was found that this method for determining bacterial 
growth was as satisfactory as ascertaining the number of viable 
organisms present by the pour-plate technic. The galvanometer 
readings, which are a logarithmic expression of light transmitted, 
were converted by means of logarithms to the per cent of light trans- 
mitted. Thus the greater the turbidity of the medium, the smaller 
the percent of light transmitted. 

Results. Table I shows the results obtained with one of the 4 
strains studied. Observations made with the other 3 strains gave 
essentially the same results. It is to be noted that different concen- 
trations of p-aminobenzoic acid neither stimulated nor inhibited the 
growth of staphylococci. This is in agreement with the results of 
Strauss, Lowell and Finland, who studied the pneumococcus.? 
Woods, on the other hand, stated that p-aminobenzoic acid was an 
essential growth factor for Streptococcus pyogenes.* The effect 
of varying concentrations of each of the sulfonamide compounds 
upon bacterial growth is of interest. When the concentrations of 
each of the drugs was 10 mg per 100 cc growth of the organisms 
was markedly inhibited. When a concentration of 5 mg was 


+ The sodium sulfadiazine was supplied to us by the Lederle Laboratories, 
Pearl River, New York. 

2 Strauss, E., Lowell, F. C., and Finland, M., J. Clin. Invest., 1941, 20, 189. 

3 Woods, D. D., Brit. J. Hxp. Path., 1940, 21, 74. 
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present, the inhibitory action of sulfanilamide and sulfapyridine 
was considerably less than that obtained with sulfadiazine and sulfa- 
thiazole. This was also true with concentrations of 3 mg per 100 
cc. The results were quite striking when a concentration of 1 mg 
per 100 ce was employed. Sulfathiazole was definitely more inhibi- 
tory than sulfadiazine, while this concentration of sulfanilamide 
and sulfapyridine had very little effect. 

The-inhibitory effect of p-aminobenzoic acid upon the bacterio- 
static action of the compounds revealed that the larger quantities of 
the acid produced the greater inhibitory effect. Sulfathiazole in- 
hibited bacterial growth more consistently than the other com- 
pounds, and p-aminobenzoic acid was the least effective in inhibit- 
ing this bacteriostatic action of sulfathiazole. In other words, these 
results show that the greater the inhibitory effect of a compound 
upon bacterial growth, the less the effect of p-aminobenzoic acid 
upon this action of the compound, which confirms the observations 
of others for the pneumococcus.” One observation that we have 
made several times was that the smaller concentrations of p-amino- 
benzoic acid in combination with a sulfonamide compound often 
appeared to inhibit growth more than was obtained with the sul- 
fonamide compound alone. Control tubes showed that these 
smaller concentrations of p-aminobenzoic acid did not stimulate 
growth. These observations have been too few and inconsistent 
from which to draw final conclusions, but this paradoxical finding 
merits further investigation. 

Cenclusions. A synthetic, chemically-defined medium has 
proved satisfactory for the study of the bacteriostatic effect of the 
sulfonamide compounds upon staphylococci. Sulfathiazole and 
sulfadiazine have a definitely greater inhibitory effect upon growth 
compared to sulfapyridine and sulfanilamide, with sulfathiazole 
superior to sulfadiazine. While p-aminobenzoic acid inhibits this 
bacteriostatic action of all the compounds studied, the greater the 
effect of a compound upon growth of Staphylococci, the less inhibi- 
tory is p-aminobenzoic acid against this action of the compound. 
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Effect upon the Biliary Tract of Sectioning the Splanchnic 
Nerves. 


FRANK E. Jounson. (Introduced by E. A. Boyden.) 


From the Institute of Anatomy, University of Minnesota. 


Recently the first case of sectioning the nerves to the choledocho- 
duodenal junction in a patient was reported.t| The reasons for be- 
lieving that this procedure would not prove effective in relaxing the 
human sphincter of Oddi have already been set forth.? To test this 
more thoroughly, selection has been made of a laboratory animal in 
which inhibitory reflexes from the gut tract to the gall bladder have 
already been demonstrated* and in which the detailed distribution 
of nerves to the choledocho-duodenal junction has been worked 
out*—namely the cat. 

At laparotomy, the following procedures were carried out upon 
approximately 30 cats: (1) various autonomic nerves in the 
abdomen were severed (or doubly ligated) ; (2) insulated electrodes 
were sewed to the caecum by a flap of the rubber tube through 
which the enamelled wires were brought to the laparotomy wound ; 
(3) the gall bladder was filled with lipiodol (Whitaker method). 
Some 15 hours later, by which time the animals had fully recovered, 
the latter were fed a mixture of egg yolk and milk by tube and then 
x-rayed at appropriate intervals with the object of ascertaining 
the rate of emptying of the gall bladder and the presence of inhibi- 
tory reflexes emanating from faradically induced contraction of 
the caecum. 

Severance of the gastroduodenal nerve and _ plexus—specific 
nerves in the lesser omentum leading to the choledocho-duodenal 
junction—resulted, in 8 animals, in retarding the evacuation of 
lipiodol. (The studies of DuBois and Hunt’ were used as con- 
trols) ; and interruption of these nerves did not abolish the inhibi- 
tory reflex from the caecum to the gall bladder. These experiments, 
therefore, fail to support the view that such operations in man 
would relieve a spasm of the sphincter. 

Severance of one or both splanchnic nerves, however, markedly 
accelerated the rate of emptying of the gall bladder (8 animals) 


1 Reich, Henry, Surg., Gynec. and Obst., 1940, 71, 39. 
2 Boyden, BE. A., Surgery, 1941, 9, 443. 

3 Birch, C. L., and Boyden, E. A., Am. J. Physiol., 1930, 92, 301. 

4 Schulze, J. W., and Boyden, E. A., Anat. Kec., 1941 (suppl. 2), 79, 77. 
5 Du Bois, F. L., and Hunt, E. A., Anat. Kec., 1932, 54, 289. 
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and when both were severed the inhibitory reflex was abolished 
as well as the sensation of pain arising from a spastic caecum. 

Various modifications of these experiments indicate that the 2nd 
lumbar roots of the coeliac ganglia as well as the lumbar sympa- 
thetic trunks are not pathways primarily involved in regulation of 
the biliary tract. Severance of the coeliac branch of the right vagus, 
in one instance, was followed by retardation of emptying. 

The implications of these experiments are that evacuation of the 
extra hepatic biliary tract is inhibited by the sympathetic nervous 
system as mediated through the splanchnic nerves, and that the 
reason, perhaps, why severance of the specific nerves to the chole- 
docho-duodenal junction does not relax this junction is that such 
nerves carry both vagus and sympathetic fibers and also innervate 
both the sphincter of Oddi and the contiguous portion of the duo- 
denum. 
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Bacteriostatic Effect of Paranitrobenzoic Acid on Pneumococci 
in Vitro.* 


JosepH T. Kinc anp AusTIN F. HENSCHEL. 
From the Department of Physiology, University of Minnesota, Minneapolis, Minn. 


Mayer and Oechslin’ reported that paranitrobenzoic acid and 
certain derivatives were effective in pneumococcal infections in mice 
although they showed little activity in vitro. 

Gruhzit” found that paranitrobenzoate protected mice infected 
with Streptococcus viridans. He found little activity against beta 
hemolytic streptococci and none against Type I pneumococci. 
Miller® recently reported that Streptococcus viridans is inhibited 
in witro by sodium paranitrobenzoate. 

Barlow* finds the acid and ester effective in pneumococca! infec- 
tions in mice. 


* Aided by grants from the Medical Research Fund, Graduate School. the 
University of Minnesota, and the Department of Medical Research, Winthrop 
Chemical Co., Inc. Assistance in the preparation of these materials was furnished 
by the Work Projects Administration, official project No. 65-1-71-140, sub-project 
No. 237, and by the National Youth Administration. Drugs supplied by the 
Winthrop Chemical Co., Ine. 

1 Mayer, R. L., and Oechslin, C., Compt. Rend. Soc. de Biol., 1939, 130, 211. 

2 Gruhzit, O. M., Arch. Path., 1940, 29, 732. 

3 Miller, J. K., J. Pharm. and Exp. Therap., 1941, 71, 14. 

4 Barlow, O. M., unpublished data. 


EFFECT OF PARANITROBENZOIC ON PNEUMOCOCCI 401 


We have studied the effect of the acid and sodium salt on pneumo- 
cocci in the tissue culture medium and with the methods which we 
used earlier in studies on Streptococci.>® 

Pneumococcus cultures were grown in rabbit serum extract of 7-8- 
day chick embryos. Cultures were incubated at 37.5°C for ap- 
proximately 5 hours. 

Drugs were dissolved in Tyrode’s solution and sterilized by 
Berkefeld filtration. Stock solutions of sodium salts were 400 mg 
% concentration; the acid 40 mg %. 

Dilution of the bacterial culture was made rapidly through 
Tyrode into the serum extract. The usual dilution was 10° or 10°. 

The drugs were then added after pH adjustment (except as noted 
below). Buffer standards were checked with the glass electrode. 
The colorimetric method was used in making the adjustments. An 
appropriate amount of Tyrode was added to the control medium to 
compensate the dilution caused by the drug-Tyrode mixture. When 
drug-Tyrode mixtures of different concentrations were used, the 
stronger mixture was diluted to the strength of the weaker by addi- 
tion of Tyrode before adding to the culture medium. 

The cultures were planted on 22 mm round cover slips. Each 

TABLE I. 


Bacteriostatie Effect of Paranitrobenzoic Acid, and the Sodium Salt, Compared 
with Sodium Sulfathiazol; Type II Pneumococcus; 15 mg%. 


Inhibition % 


Organisms 


a =~) 

per ce Control Thiazol P-NOsBA Thiazol P-NO,BA 
958 23,9" 6.7 11.5 72.0 51.9 
940 27.2 8.1 12.0 70.3 55.9 
254 65.9 10.8 14.4 83.6 78.1 
3090 17.6 8.2 9.3 53.4 47.2 
342 42.4 An bei 12.8 72.4 69.8 
234 162.1 95.8 94.0 40.9 42.0 
402 109.2 49.9 57.5 54.3 47.3 
1128 71.8 40.0 43.7 44.3 39.1 
468 52.1 30.1 33.6 42.3 35.9 
252 124.7 38.1 54.3 69.4 56.4 
368 101.1 21.2 25.7 79.0 74.6 
108 99.6 29.7 39.9 70.2 59.9 


*Eyepiece units. 

5 King, J. T., Henschel, A. F., and Green, B. S., Proc. Soc. Exp. Bion. anp 
Mep., 1938, 38, 810. 

6 King, J. T., Green, B. S., and Henschel, A. F., Proc. Soc. Exp, Bron. anp 
Mep., 1938, 38, 812. 

7 King, J. T., and Henschel, A. F., Proc. Soc. Exp. Bron. AnD MeEp., 1939, 
41, 208. 

8 King, J. T., Henschel, A. F., and Green, B. S., J. A. M. A., 1939, 113, 1704. 

9 King, J. T., and Henschel, A. F., Proc. Soc. Exp. Bion. anp Mep., 1940, 


44, 268. 
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culture was made up of 1 drop of heparinized rabbit plasma and 3 
drops of bacterial suspension. Clotting occurs promptly. Cali- 
brated pipettes were used to ensure cultures of the same volume in 
each group. Cultures were incubated as Maximow double cover- 
slip preparations at 37.5°C. Details have been described in previous 
papers. 

Readings were made at 22-24 hours. The diameter of the 
colonies was measured with ocular micrometer and mechanical stage 
at 6OX. (114 eyepiece units equal to 1 mm). 

Each series is composed of 18 cultures, 6 of each drug and 6 con- 
trols. 

The results of 12 series on pneumococcus, Type II (Bieter), are 
given in Table I. 

The average inhibition of colony diameter for the 12 series was 
61.0% for sulfathiazol; 54.5% for paranitrobenzoic acid and the 
salt. 

There is no significant reduction in the number of colonies with 
either drug. 

The first 5 series were done with the acid; the last 7 with the 
sodium salt. In the first 2 series the pH of the Tyrode-drug mix- 
ture was not adjusted before adding to the culture medium. In the 
3rd series the two drugs were adjusted to the same pH. In the 4th 
and 5th series the drugs were adjusted to the pH of the Tyrode 
added to the control. In the last 7 series the sodium salt of parani- 
trobenzoic acid was used. In these, both drugs and the Tyrode 
added to the control were adjusted to pH 7.6 before adding to the 
culture medium. 

Since the sodium salt of sulfathiazol is more alkaline than the 
salt of paranitrobenzoic, we have used sterile 1 N HC1 for adjust- 
ing the former and 0.1 N HC1 for adjusting the latter in order to 
avoid unequal dilution of drug solutions. There was, however, a 
slightly greater dilution of the benzoic compound than of the thiazol. 
On the average 3 drops of acid were required to adjust 10 cc of 
thiazol and 5 drops to 10 ce of benzoic. 

Studies in progress on higher and lower concentrations show in- 
creasing inhibitory effect with increasing concentration of both 
drugs. 

These findings on Type II pneumococci are in contrast with those 
of Mayer and Oechslin on Type I where they obtained little effect 
m vitro, 

Summary. Paranitrobenzoic acid and the salt compare favorably 


with sulfathiazol in their bacteriostatic power against Type II pneu- 
mococci in vitro. 
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A New Method of Assay of Chromatophorotropic Hormone by 
Means of Excised Lizard Skin. 


CORINNE Keaty AND ALLAN J. STANLEY. (Introduced by Albert E. 
Casey. ) 


From the Zoology Department, Louisiana State University. 


The principle of the method to be described for testing pituitary 
chromatophorotropic substances is based on the fact that the dermal 
melanophores of excised skin of Anolis carolinensis respond to 
pituitary chromatophorotropin'! by dispersion of the melanosomes. 

The use of hypophysectomized frogs and lizards and light 
adapted frogs involves several undesirable conditions. They are all 
time-consuming, and in the case of operated reptiles, endocrine im- 
balance, especially thyroid effects, are involved. The use of excised 
skin of Anolis as a test object for measuring intensity of effect, is 
very rapid, entails no difficult operative procedure, requires only 
small amounts of material, and eliminates the influences of other 
possible endocrine or neural disturbances. The test has been found 
to be reliable. Uniform responses are produced on skin of well- 
fed animals 100% of the time without difficulty. The complete 
dispersion of melanosomes is easily detected since the color change 
from green to brown is very striking. 

Acetone-dried pituitaries of several vertebrates (man, beef and 
dog) have been tested and complete assay of pituitaries of Rana 
catesbeiana has been made by this method. It has been found that 
frog material is best employed in dilutions of 1 mg in 20 cc cold- 
blood Ringer’s solution. Stronger concentrations react upon the 
skin too rapidly for accurate observations to be made. The solution 

TABLE I. 
Melanosome Dispersion-rate of Excised Skin of Anolis carolinensis in 0.25 ce of 


Solution of 1 mg of Frog Pituitaries in 20 ce Frog Ringer’s, at Room Temperature. 
Two hundred twenty-eight observations. The time is in minutes, 


24 hr 24 hr 24 hr 24 hr 
Hreshye. -Eiresh, refrig. refrig. roomtemp. room temp. 
Material unfiltered filtered unfiltered filtered unfiltered filtered 


Skin of Back and Thigh. 
Summer pituitary 6:12.7 6:1.0 6:12.8 6:50.1 12:41.2 12:34.7 
Spring pituitary 3: 8.3 3:5.4 27419 2:27.1 11:32.6 11:48.0 
Skin of Belly. 
8:5.0 8:18.7 


Summer pituitary 5 8 
8 4:0.2 4:14.2 4: 


8:2 
Spring pituitary 4:2 
1 Hadley, C. E., J. Exp. Zool., 1931, 58, 221. 


areal 15 :41.3 14:5: 
0.9 10:29.4 Meat 
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is refrigerated 24 hours and then filtered. The filtrate is saved for 
the test. It has been found that the unfiltered solution shows partial 
inactivation of the hormone after 24 hours at room temperature. 
Complete inactivation is accomplished after 48 hours. 

Lizards used for such tests should be well-fed and watered daily, 
since variations in reactions or complete unresponsiveness results 
when the animals are not fed and watered regularly, Animals kept in 
the laboratory throughout the winter have been used successfully. 

It has been found that skin from the back or top of the thigh is 
best for the test, since the scales in these regions possess greater 
numbers of me anophores and are of uniform size. Skin from the 
belly reacts more slowly. After removal, the skin is placed on the 
surface of cold-blood Ringer’s solution, and cut with sharp scissors 
into small pieces. Pieces from 2 to 4 mm square are large enough. 
After 20 minutes in Ringer’s, the skin becomes uniformly green. 
Scales along the cut edges, or scales injured by manipulation with 
instruments generaliy remain brown and will not react to other 
stimulation. 

After complete melanosome condensation has been effected, a 
single piece of the skin is placed on the surface of 0.25 cc of the fil- 
trate on a clean depression slide. A hypodermic syringe is used for 
measuring the amount. The color change to brown is best observed 
with a binocular dissecting microscope. The speed of the reaction 
is conveniently used to measure potencies of solutions prepared as 
described above. Table I shows the melanosome dispersion rates 
obtained by this method for pituitaries of Rana catesbeiana during 
early spring and late summer at room temperature. 

The Anolis skin has been found to react to acetone-dried pitui- 
taries of man (negro and white), cattle and dog. 

Preliminary tests have been made of temperature variation on the 
rate of the reaction. The indications are that the K,o is applicable 
to the reaction. 
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Experiments on Immunization of Human Beings Against 
Influenza A.* 


WALTER P. Martin AND Monrok D. Eaton. 


From the Research Laboratory, California State Department of Public Health, 
Berkeley, California. 


Previous investigators have reported stimulation of virucidal 
antibodies” * and some evidence of protection against influenza® in 
persons inoculated subcutaneously with active virus of influenza A. 
Others using formalinized inactive preparations® > have demon- 
strated an increase in antibodies, but found no evidence of active 
immunity in the vaccinated groups. 

Kecently Horsfall and Lennette® prepared a complex formalinized 
vaccine by infecting chick embryos simultaneously with canine dis- 
temper and influenza A virus. In a recent influenzal outbreak in 
California, this vaccine, and another vaccine made from active in- 
fluenzal virus were used prophylactically. The active-virus vac- 
cine was prepared in our laboratory by growing the virus of influenza 
A strain Melbourne in minced chick embryo Bee in saline. This 
material was centrifuged at 1000 rpm for 10 minutes and the super- 
natant fluid was stored at —60°C to be used as vaccine when needed. 
The intranasal MLD for mice was approximately 0.05 ce of a dilu- 
tion of 1:1000. In this paper, the active tissue-culture vaccine will be 
termed V-1 and Horsfall’s complex inactive vaccine V-2. 

Method. In 2 large institutions in Northern California, which 
we ° shall designate X and Y,a group of the personnel was vaccinated 


* The studies and observations on which ‘this paper is based were conducted 
with the support and under the auspices of the International Health Division of 
the Rockefeller Foundation and in codperation with the California State Depart- 
ment of Public Health. 

1 Francis, T., Jr., and Magill, T. P., J. Hap. Med., 1937, 65, 251. 

2 Stokes, J., Chenoweth, A., Waltz, A., Gladen, R., and Shaw, D., J. Clin. Invest., 
19375 16,237, 

3 Stokes, J., McGuinness, A., Langner, P., and Shaw, D., dm. J. Med. Sci., 
1937, 194, 757. 

4 Med. Research Couneil, Special Report No. 228, 1938, 141. 

5 Taylor, R., and Dreguss, M., Am. J. Hyg., 1940, 31, 31. 

6 Horsfall, F. L. Jr., Lennette, E. H., and Rickard, E. R., Jour. Exp. Med., 1941, 
73, 335. 

+ The authors are indebted to Dr. L. L. Stanley and Dr. P. W. Day for collecting 
the clinical data reported in these studies. The complex vaccine was supplied by 
the International Health Division Laboratories in New York. 
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2 weeks before an outbreak of acute febrile respiratory disease 
designated by the clinicians as influenza. At institution X about 
half of the vaccinated group was composed of new entrants and the 
other half of persons who entered the institution approximately 16 
months previously. At institution Y the vaccinated group was 
selected according to serial number. Between the vaccinated and 
control groups no differences in chances of exposure to infection 
within the institution could be found. Approximately equal num- 
bers of persons received V-1 and V-2. Each of the vaccines was 
given subcutaneously as a single inoculation in doses of 1 cc. All 
cases of acute febrile respiratory diseases were recorded after the 
completion of the vaccinations and attempts were made to study a 
representative group of the cases by serological methods. Bloods 
were obtained in the acute and convalescent stages of the disease 
and tested for complement-fixing antibodies against influenza A, 
by the method previously described‘ which was a modification of 
that originated by Smith.* Blood specimens were also obtained 
before and after the epidemic from a group of vaccinated indi- 
viduals and from a group of nonvaccinated persons taken at random. 

Results. The cases were recorded from December 1 to December 
28 at both institutions. The peak of the epidemic extended from 
December 1 to 12 at institution X, and from December 17 to 19 at 
Y. At the close of the period of observation, the records submitted 
to us revealed 395 clinical cases at institution X and 413 at Y. 
Serological studies indicated that at both institutions the principal 
causative agent was the virus of influenza A. Of 50 cases tested 
by complement-fixation at institution X, 32 were positive for in- 
fluenza A and all but 6 showed a rise of fourfold or greater. At 
institution Y, 24 of 26 cases tested showed a rise of fourfold or 
greater. All acute bloods were obtained during the peak of the 
epidemic at institution Y, whereas at X the epidemic had no sharp 


TABLE I. 
Summary of Incidence in Vaccinated and Control Groups. 
Institution X Institution Y 
f >) r —, 
Total Total Incidence Total Total Incidence 
ingroup cases % ingroup cases Jo 
Vaccine —1 193 16 8.3 169 10 5.9 
Vaccine —2 223 12* 5.4* 244 18 7.4 
Total vaccinated 416 28 6.7 413 28 6.8 
Controls (not vaccinated) 4560 365 8.0 2,487 385 15.5 


*Not counting 2 cases with onsets 6 and 7 days after vaccination. 


7 Eaton, M. D., and Rickard, E. R., Am. J. Hyg., 1941, 38, 23. 
8 Smith, W., Lancet, 1936, 2, 1256. 
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peak and a number of the bloods were obtained late from some 
cases which were probably not influenza. 

Table I reveals the morbidity in 2 vaccinated and 2 control groups. 
At institution X the difference between the incidence of infection in 
the control and vaccinated groups was much less definite than at 
institution Y where the incidence in the control group was 15.5% 
as compared to 6.8% in the vaccinated group. On reviewing the 
data in Table II these conflicting results may be explained in part 
by the lapse of time between vaccination and the peak of the 
epidemic. At institution X most cases that had received V-2 were 
recorded between 9 and 13 days after vaccination. However, most 
of those who had received V-1 at this institution became ill 2 weeks 
or more after vaccination. At institution Y the individuals were all 
vaccinated on 2 different days and the lapse of time between the 
completion of vaccinations and the peak of the epidemic was about 
2 weeks. 

Complement-fixation tests on sera taken before and after the 
epidemic from a group of 92 unvaccinated individuals selected at 
random in institution X revealed an increase in complement-fixing 
antibodies to influenza A in 9.8% with history of illness and in 
19.5% with no evidence of clinical infection. There were appar- 
ently a great many cases of subclinical infection. These results are 
in accord with those found by Horsfall, Hahn, and Rickard.® 

Table III presents serological results in the vaccinated group at 
institution X. These individuals were bled 4 to 6 months before, 
and one month after vaccination. Histories revealed no evidence of 
acute febrile respiratory disease in the interval between bleedings. 


TABLE II. 
Date of Onset of Cases in Relation to Date of Vaccination. 
Institution X Institution Y 
eo i v 3) 
V-leases V-2 cases* V-leases V-2 cases 
Days after Days after Days after Days after 
Date of Non- vae. vac. Non- vac. avacs 
illness vac. | | 1 OF a vac. \ Gs 5 
December cases 9-13 14-42 9-13 14-21 cases 9-13 14-25 9-13 14-25 
1-4 110 8 6 8 
5-8 99 1 i! 4 6 a 
9-12 105) 1 1 2 14 il 
13-16 43 2 2 71 2 2 
17-20 oe, 1 222 3 9 
21-24 10 it 53 2 7 
25-28 6 11 


*2 eases receiving V-2 with onsets less than 9 days after vaccination occurred 
at institution X. 


9 Horsfall, F. L., Hahn, R. G., and Rickard, E. R., J. Clin. Invest., 1940, 19, 379. 
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TABLE III. 
Serological Results in Vaccinated Group at Institution X. 


No. showing increase of titer 
(post-vaccination) of 


Coe = 

Pre-vaeccination 8-fold 

Vaccine Test* titer Nil 2-fold 4-fold or over 
V-1 C.F.—PR8 0 to 4 22 2 () 0 
He C.F.—PR8 8 or over 10 6 1 0 
i Neutr. PR8 0to4 1 3 ll 0 
ye At) PR8 8 or over 4 0 it 0 
=) C.F.—PR8 0to4 37 0 19 4 
Be) C.F.—PR8 8 or over 1 0 0 0 
me Neutr. PR8 Oto 4 0 4 2 2 
aM 2 EARS 8 or over 3 2 2 0 


*C.F.—Complement-fixation test with PR8 antigen from infected mouse-lung. 

Neutr.—Neutralization-test against 1000 intranasal MLD of the strain PR8. 

V-1 producd a rise in complement-fixing antibodies in 9 out of 
32 of the individuals studied. In 10 cases the pre- and post-vac- 
cination bloods were tested for neutralizing antibodies against the 
strain PR8. There was a significant rise of fourfold in 2 of the 
group and a twofold rise in 3 others. A twofold increase in neutral- 
izing antibodies was considered of doubtful significance. 

\V-2 produced a rise in complement-fixing antibodies in 23 out of 
38 individuals tested. In 15 cases the pre- and post-vaccination 
bloods were studied for neutralizing antibodies against PR8 virus. 
In 6 individuals there was a significant rise in antibodies after vac- 
cination. The 3 cases which showed no rise at all had a high pre- 
vaccination titer, which may explain the lack of antibody-response 
to the vaccine in these individuals. 

At institution Y only post-vaccination bloods were obtained from 
13 individuals who had received V-1 and 15 individuals who had 
received V-2. In the complement-fixation test the geometric mean of 
the titer was 1:11 after V-1 and 1:12.9 after V-2. In the neutral- 
ization-test against 100 MLD of PR8 virus, the mean titer was 
1:7.5 after. V-1 and 1:16.8-after V-2. 

Discussion. The protection afforded by either vaccine at insti- 
tution X is questionable, but at Y the difference in incidence of 
cases between the vaccinated and control groups is sufficiently great 
to be of some significance, especially since the incidence of influ- 
enza A was high at this institution. The failure of V-2 to protect at 
institution X could be attributed to the short lapse of time between 
vaccination and the peak of the epidemic. However, in the groups 
vaccinated with V-1 at both institutions, the onset of illness in most 
cases was more than 2 weeks after vaccination, yet this vaccine 
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apparently gave some immunity in the vaccinated group at institu- 
tion Y, but none at X. 

V-2 produced a slightly, but perhaps not significantly, greater 
antibody-response than did V-1, as judged by complement-fixation 
and neutralization-tests. It is quite probable that subclinical infec- 
tions accounted for some of the increase in antibodies. It also 
appeared that the response in complement-fixing antibodies pro- 
duced by the two vaccines was considerably less in degree than the 
response following infection. 

Summary. Studies were conducted at two large institutions dur- 
ing an outbreak of influenza A which was proven by complement- 
fixation tests. Persons at both institutions received a living virus 
and complex formalinized vaccine previous to the outbreak. An 
epidemiological survey revealed some protection at one institution, 
but none at the other. There was no obvious difference in the 
prophylactic efficacy of the two vaccines in the relatively small group 
of 829 individuals studied. 
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Reaction of the Rat Omentum to Injections of Particulate 
Matter. 


RatpuH N. Baiiiir. (Introduced by Albert E. Casey.) 


From the Department of Anatomy, School of Medicine, Lowisiana State University, 
New Orleans. 


It has been known for many years that certain cells widely dis- 
tributed throughout the body have a special property which enables 
them to collect and store foreign particulate matter. On the basis 
of ‘this common property it is now rather generally believed that 
these cells should be considered as belonging to a single system, the 
reticulo-endothelium. The critical reviews of Maximow' and 
Jaffe? are the most useful of the numerous articles available con- 
cerning the distribution, morphology and reactive characteristics of 
this system. 

In spite of the many studies carried out in this field, the special 


1 Maximow, A. A., The macrophages or histiocytes, Section XIX in Cowdry’s 
Special Cytology, 1932, p.711. 

2 Jaffé, R. H., The reticulo-endothelial system, Section XV in Downey’s Hand- 
book of Hematology, 1938, p. 974. 
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physiologic properties which enable certain cells to collect and store 
foreign particles are still incompletely understood. In the experi- 
ments herewith reported special emphasis was placed on the cellular 
changes which take place during this process. An effort was also 
made to differentiate between phagocytosis proper and simple trans- 
mission of particles by cells, and special attention was directed to 
changes which occur in the Golgi apparatus of cells engaged in 
phagocytosis. 

Materials and Methods. Seventy-nine albino rats were injected 
intraperitoneally with trypan blue, lithium carmine, or India ink 
suspended in saline solution or distilled water, in dosages varying 
from 0.2 to 137 cc per animal. After completion of the experimental 
period the animals were sacrificed under ether anesthesia. Early 
phases of phagocytosis were most numerous and most readily 
studied in animals killed 18-24 hours after a single injection of 0.5 
to 1.0 cc. Later phases were best studied in animals given daily 
injections varying from 0.2 to 2.1 ce over periods ranging from 5 
to 75 days and killed 18-24 hours after the last injection. 

The tissues to be examined were fixed in Bouin’s or Regaud’s 
solution, or in Ludford’s modification of the Mann-Kopsch solution. 
They were then dehydrated in dioxan, embedded in bayberry-paraf- 
fin, and sectioned at 5 ». Slides were stained in Regaud’s hema- 
toxylin, Heidenhain’s azan, or hematoxylin-eosin. 

Observations and Discussion. Within 18 hours after the first in- 
jection of the particulate material a marked histiocytic response 
appears in the omental substance. The most striking feature of the 
reaction is the mobilization of enormous numbers of histiocytes, 
which are rapidly transformed into macrophages and ingest the 
incoming pigment. 

Particulate matter enters the omentum (1) by surface transmis- 
sion and (2) via blood vessels. 

(1) It has been shown that the majority of pigment granules 
enter the omentum by passing between the mesothelial cells, only a 
few passing directly through them. The transformation of the 
covering cells into macrophages has never been observed. As soon 
as any particles pass into the omentum the resting histiocytes mobil- 
ize and begin to migrate toward the surface, where they are soon 
transformed into active phagocytes which engulf and store the 
entering particles (Fig. 1). 

(2) Within a few hours after the first injection granules can 
also be observed in the walls of the smaller omental blood vessels. 
They pass through the vascular walls and appear in the perivascular 
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res 
Omentum of an animal injected with India ink. Note folding of surface and 
sub-mesothelial macrophages. 25. 
Fie. 2. 
Tasche laiteuse showing: A. Central reticular zone; B. Lymphocytoid zone; 
and C. Phagocytic zone; D. and E. are foreign body giant cells. 


loose connective tissue where they seem to excite the same histiocytic 
response as do the cells which enter by surface transmission, as 
evidenced by a cellular migration, transformation of the migratory 
cells into macrophages, and phagocytosis of the granules. The 
process leads eventually to formation of dense masses of loaded 
perivascular macrophages. 

Definite reactive changes appear in the tasches laiteuses, particu- 
larly after a protracted series of pigment injections. The process 
culminates in the production of numerous macrophages, which 
emerge from the periphery of the milky spots. Under these condi- 
tions the activated spots consist of three concentric zones which 
merge into each other: (1) a light central zone made up of retic- 
ular cells; (2) a zone packed with cells of lymphocytoid type; (3) 
an outer zone in which these cells undergo gradual transformation 
into phagocytes which engulf the free pigment. There is a close 
correlation between the loss of lymphocytoid characteristics in the 
nucleus and the assumption of phagocytic power by these cells 
(Fig 2): 

Cytologic examinations of omenta removed while phagocytosis 
was taking place show a series of changes in the histiocyte which 
culminate in assumption of phagocytic power. Under favorable 
conditions all the changes can be observed in a single section, but 
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their interpretation and chronological arrangement are naturally 
subject to error on the part of the observer. This transformation 
seems to occur as follows: 

(1) At the advent of mobilization the ordinary histiocyte in- 
creases in size and begins to show cytoplasmic vacuolation. Still 
more striking is the alteration in the configuration of the Golgi 
apparatus, first observed by Nassonov.* The reticular material of 


Fig. 3. 


Active macrophage showing a complex vacuole with pigment, and fragmented 
reticular material at its periphery. Ludford’s fixation after trypan blue. 
Fie. 4, 

_ Macrophage with increased quantity of Golgi material, some of which is dis- 
tributed about pigment vacuoles (A). B represents newly formed pigment clumps. 
Fie. 5. 

Macrophage showing numerous India ink granules. Pale rings about the larger 
masses represent Golgi material in negative. Bouin; Hematoxylin-eosin. 
Fig. 6. 
Macrophage showing incoming India ink particles (A), and condensing granules 
which will form a pigment mass. Note that some of the reticular material is 
enclosed in the mass, showing as pale centers. Bouin; hematoxylin-eosin. 


3 Nassonoy, D., Z. f. Zellforsch wu. mikr. Anat., 1925, 3, 472. 
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the resting histiocyte, which is in the form of a small, closely meshed 
net applied to the nuclear membrane, increases in size, becomes less 
closely meshed, and undergoes partial fragmentation. Isolated 
osmiophilic strands can soon be found distributed throughout the 
cytoplasm. By the time these changes have occurred, the cell is 
able to phagocytose particles, as is shown by the occasional presence 
of pigment granules in the cytoplasm (Fig. 3). 

(2) Observations show that when the granule enters the cyto- 
plasm it is soon enclosed in a fluid vacuole, which seems to attract 
the nearest Golgi fragments. Later the strands become so closely 
applied to the periphery of the vacuole as to form a continuous os- 
miophilic shell (Fig. 4) . 

(3) When two or more of the structures described, each of 
which is composed of a pigment granule in a fluid vacuole sur- 
rounded by an osmiophilic shell, come into contact with one another, 
they rapidly fuse. This process does not seem to take place prior 
to the formation of the osmiophilic shell (Figs. 5 and 6). When the 
contact is established, the pigment granules fuse and the shell dis- 
integrates into discrete droplets deposited in the neighborhood of 
the developing pigment mass. The Golgi material seems to serve 
merely as an aid in the process of fusion; there is no indication that 
any part of it is incorporated in the fused mass. 

A study of the many types of cells occasionally found to contain 
particles of the injected material showed that only during the pro- 
cess of active collection and storage of foreign pigment (true phago- 
cytosis) was there any Golgi reaction to the presence of the ingested 
particles. The configuration of the reticular matter remained un- 
changed in the cells which merely transmitted the pigment. The 
reaction of the Golgi material can therefore be used as an index 
of phagocytosis. 

Summary and Conclusions. The rat omentum, following the 
injection of particulate matter of various types, undergoes hyper- 
trophy due to accumulation of histiocytes which are transformed 
into macrophages. The macrophages collect just beneath the sur- 
face and phagocytose the material which enters through and _be- 
tween the mesothelial cells. Secondary collections of macrophages 
appear about the smaller blood vessels and take up the particles 
which have traversed the vascular walls. The taches laiteuses in- 
crease in size and produce numerous macrophages. 

With the advent of phagocytic activity the Golgi net increases in 
size and undergoes fragmentation. The fragments become asso- 
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ciated with the ingested granules and apparently aid in bringing 
about their coalescence into masses which are stored by the cells. 
The changes found in the Golgi material never occur in cells which 
do not collect and store particulate matter. 
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Excretion of Thiamin and its Degradation Products in Man.* 


HERBERT POLLACK, MAX ELLENBERG AND HENRY DOLGER. 


From the Medical Services and Department of Laboratories, Mount Sinai Hospital, 
New York City. 


The development of a simple procedure’ to determine both thia- 
min and the pyrimidines in human urine permits the investigation 
of the possible relationship between the two. 

Schultz, Atkins and Frey showed that the rate of glucose fer- 
mentation by a yeast is directly proportional to the concentration of 
thiamin present. In addition to thiamin, the pyrimidines give mol 
for mol stimulation effect on the rate of fermentation. Such 
pyrimidines are found normally in human urines. Since the pyri- 
midine nucleus constitutes an integral part of the thiamin mole- 
cule, it is of interest to determine the relationship between thiamin 
and urinary pyrimidine. 

The total fermentation is a measure of thiamin and pyrimidine 
in the urine. The fermentation after oxidation of the free thiamin 
is a measure of the pyrimidines; the difference represents the free 
thiamin. This technic combines the gas method with the initial 
steps of the thiochrome procedure. 

The urinary excretion of the thiamin and pyrimidine of a group 
of patients was studied under various conditions. Three patients 
were given a diet completely deficient in B, for 10 days. Two of 
these were normal and one had ileo-jejunitis. Fig. 1 and 2 and 
Table I illustrate that complete deprivation of dietary thiamin for 
a period of 10 days changed the thiamin-pyrimidine ratio from ap- 
proximately 9:1 to 1:9. During this 10-day deprivation period, 


* This work was supported in part by the Williams-Waterman Fund. 

We are indebted to Dr. Charles Frey, of the Fleischman Laboratories, for his 
cooperation. 

1 Schultz, A. S., Atkin, L., and Frey, C. N., Science, 1938, 88, 547; J. Biol. 
Chem., 1940, 136, 713. 
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TABLE I. 
Twenty-four-hour Excretion of Thiamin and Pyrimidine, During Administration 
of Low Thiamin Diet. 
S.F. Male. Age 13. Diagnosis: [leo-colitis. 


Total fermentation Vitamin B, Pyrimidines % of fermentation 
March (mol-equivalents ) (m-equiv.) (mm-equiv.) due to free thiamin 
3 640 282 398 44 
it 72 109 63 63 
5 750 487 263 65 
6 644 322 322 50 
7 286 28 258 10 
8 270 38 232 14 
9 184 0 184 0 
10 402 54 348 18 


the absolute amount of pyrimidine excreted remained at approx- 
imately the same level, while the free thiamin disappeared almost 
completely. It becomes apparent, then, that the determination of 
free thiamin in the urine is an index of the dietary intake immed- 
lately preceding the measurement, since the urinary excretion of 
thiamin decreases so rapidly on deprivation. Therefore, low values 
for free thiamin need not necessarily indicate a state of chronic 
insufficiency with respect to this vitamin since the same values are 
obtained with temporary, acute deprivation. On the other hand, 
the combined gas-thiochrome method can distinguish the low values 
of thiamin resulting from acute or normal deprivation. If the 
thiamin excretion is low in the presence of normal pyrimidine excre- 
tion, it is indicative of recent deprivation. However, if both the 
thiamin and pyrimidine are below normal, it can be interpreted as 
indicating a protracted insufficiency of By. 
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A further evidence in support of this concept is the result obtained 
with the 1 mg load test. By this test is meant the urinary response 
to the parenteral administration of 1 mg of thiamin hydrochloride, 
as previously reported.? This test was carried out before the ex- 
periment was started, and repeated after the 10-day deprivation 
period. It is highly significant that although the free thiamin was 
practically absent from the urine at the end of the 10-day period, 
the load test remained unchanged. This unchanged response to the 
1 mg load test, (Fig. 2) indicates that the basic state of nutrition 
with respect to B, was unaltered by the temporary deprivation in 


Rors-2)3 


9 = L 


Fig. 3. 


2 Pollack, H., Dolger, H., Ellenberg, M., and Cohen, § 


., Proc. Soc. Exp. Bron. 
AND MeEp., 1940, 44, 98. 
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a well-nourished individual. The laboratory data are supported 
clinically by the complete absence of any evidence of Vitamin B, de- 
ficiency either subjectively or objectively as measured by electro- 
cardiogram, blood-sugar, cholesterol, total protein, hemoglobin, red 
blood cell count, blood pressure, pulse rate and weight. 

Fig. 3 again demonstrates the importance of the pyrimidine 
concentration in relationship to the total thiamin excretion. When 
normal individuals are subjected to the 1 mg load test, over 60% 
of the yeast fermentation stimulating substance in the urine is free 
thiamin. Contrasting these results obtained from a group of un- 
selected hospitalized patients, it is seen that 25% excrete more pyri- 
midine than thiamin. This indication that one-fourth of all pa- 
tients admitted to the hospital showed atypical responses to the test 
is an independent correlation of a similar conclusion’ arrived at by 
different means. 

Table II shows the urinary excretion of pyrimidines following 
the daily parenteral administration of 100 mg of thiamin hydro- 
chloride. It can be seen that the absolute amount of pyrimidine 
excreted is increased. This is evidence that urinary pyrimidine is 
derived from thiamin. Further, these data indicate that increasing 
the amount of thiamin administered increases its utilization, if the 
increased pyrimidine excretion in the urine is an index of actual utili- 
zation of thiamin. The administration of large doses of thiamin 
results in an absolute increase, but a relative decrease in the effi- 
ciency of utilization. Hence it might be suggested that frequent, 
divided dosage is the method of choice in administering this vitamin. 

TABLE II. 
Twenty-four-hour Excretion of Thiamin and Pyrimidine after Intravenous Admin- 


istration of Vitamin B,. 
T. MeN. Male. Age 35. Diagnosis: Avitaminosis B-Complex. 


Total fermentation Vitamin B, Pyrimidines % of fermentation 

Date (mol-equivalents ) (m-equiv. ) (m-equiv.) due to free thiamin 
9/27 87,500 83,000 4,500 95 
28 24,400 20,100 4,300 82 
29 73,100 63,600 9,500 87 
30 112,000 69.000 43,000 62 
10/3 82.500 67,600 14,900 82 
4 106.000 90,000 16,000 85 
vor 9,390 2.490 6,900 27 
8 9,550 3,150 6,400 33 
Wf 312,000 288,000 24,000 92 
18 145,500 116.500 29,000 80 
19 19,300 2,300 17,000 12 


This patient received 100 mg thiamin daily intravenously from 9/27 to 10/16. 
‘On 10/16 he was given 300 mg, 10/17 200 mg, 10/18 no thiamin administered. 


3 Pollack, H., Ellenberg, M., and Dolger, H., Arch. Int. Med., 1941, 67, 793. 
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Gastro-Intestinal Motility in the Albino Rat after Administration 
of Amphetamine Sulfate 


Erma SmMITH* AND K. E. PENROD 


From the Department of Zoology, Lowa State College. 


Reports concerning the action of amphetamine sulfate (A.S.) 
on gastro-intestinal motility are somewhat variable. Myerson and 
Ritvo! summarizing the results of their studies on man state that 
A.S. is a sympathomimetic drug which is of great value in dimin- 
ishing or abolishing spasm of the G. I. tract. Ivy and Krasno,” 
summarizing the clinical literature state that 10-30 mg orally delays 
the rate of evacuation of the stomach, increases the tone of the 
pylorus, shows no marked constant effect on the small intestine and 
variable effects on the colon. Ersner,® after treating 500 cases 
of obesity with the drug, reports it to cause mild constipation, in 
10 mg doses. 

Experimental. Our study of A.S. consisted in measurement of 
the action of various doses on effective peristalsis and egestion time 
in intact animals and its action on isolated segments of colon. 

The animals were fasted for 4 hours before each determination 
in order that they would quickly eat their test meal which con- 
sisted of a 3 g pellet made up of the following parts by wt: bread 
1, milk 4, hamburger 5, and Fe.O; 1. The A.S. dissolved in water 
was injected intraperitoneally, immediately after the food pellet 
was eaten. 

The action on effective peristalsis* was measured by comparing 
the rate of progress of a test meal dyed with Fe.O, in treated and 
non-treated litter mates of the same sex, paired data being secured 
in all determinations; 30 min. after eating the animals were killed 
by decapitation, the gastro-intestinal tract quickly excised, 
straightened out on a warm moist plate and slit open with fine 
scissors ; thus the distance which the dyed mass had been propelled 
from the stomach could be measured accurately. 


* Aided by a grant from the Committee on Scientific Research of the American 
Medical Association. 

1 Myerson, A., and Ritvo, Max, J. A. M. A., 1936, 107, 24. 

2 Ivy, A. C., and Krasko, I. R., War Medicine, 1941, 1, 15. 

3 Ersner, Jack S., Endocrinology, 1940, 27, 776. 

4 Patterson, C. A., Smith, Erma, and Hale, H. B., Proc. Soc. Exp. Bron. AND 
Mep., 1938, 39, 509. 
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TABLE I. 
Effective Peristalsis. 
Mean length of 
No. of Mg AS. intestine traversed Range 
animals per kg/rat in % of total length in % 
45 0 70 64-96 
20 5 45 0-51 


20 10 33 0-46 


The time required for first appearance of the FeO, in the egesta 


of animals fed the test meal with and without A.S. is summarized 
in Table II. 


SUS ON TOE. 
Egestion Time. 


Egestion time in hr 


No. of Mg A.S./kg ~ 
determinations body wt Mean Range J delay 
50 0 7 5-10 
10 11.5 10-15 64 
10 5) 10.5 10-16 50 
30 10 12.9 10-16 84 


From Tables I and II it may be seen that in all cases treatment 
with A. S. delayed passage of material along the gastro-intestinal 
tract in intact animals. Thirty min. after injecting the drug the 
stomach appeared atonic and the pylorus tightly constricted; casual 
measurement of the total length of the intestine from the pylorus 
to the anus in untreated rats showed the length to be about 70 cm; 
in treated animals it was 80 cm due to greater relaxation of the 
tube; 84% delay in egestion time was induced by administration of 
10 mg per kg A.S. 

In 100 tests using isolated segments of colon contracting in 
Sollman-Rademaeker'’s solution 167% to 334% gamma A.S. per 
cc added to the bath slowed or stopped the action of the strips. 
35-45 gamma either stimulated or inhibited, whereas 50 gamma and 
above stimulated. 

Conclusions. Amphetamine sulfate relaxes the stomach and small 
intestine, constricts the pylorus and delays the passage of material 
along the gastro-intestinal tract. Isolated segments of colon are 
stimulated by minimum effective doses; larger doses inhibit. 
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Effect of Trypsin upon Blood Histamine of Rabbits. 


Cart A. DracsTEDT AND M. Rocwa E SILVA.* 


From the Department of Physiology and Pharmacology, Northwestern University 
Medical School, Chicago. 


It has been shown in previous experiments’ that trypsin causes 
a contraction of various isolated smooth muscle structures such as 
the intestine of the guinea pig, rabbit, etc., and that this smooth 
muscle effect is characterized by a short latent period and by a sub- 
sequent desensitization, phenomena which are analogous to those 
seen when antigen is added to the bath containing the tissues of 
sensitized animals. To further amplify the analogy between the 
action of trypsin upon normal tissues and the action of antigen 
upon sensitized tissues, we have found that the addition of arginin 
or histidin to the bath will prevent or counteract the effects of 
trypsin just as it does the effects of antigen.” It has also been 
shown that the intravenous injection of trypsin into cats, dogs and 
rabbits produces a profound vascular shock similar in many 
respects to that of anaphylactic shock.* In addition, it has been 
shown? that the intravenous injection of trypsin into dogs leads to 
the liberation of histamine into the blood such as occurs in anaphy- 
lactic shock.” 

Rose and Weil® found that the injection of antigen into sensitized 
rabbits leads to a reduction in the total blood histamine and this 
finding has been confirmed in our laboratory.‘ This apparently 
paradoxical behavior of the rabbit appeared to offer a suitable ex- 
periment by which the effects of trypsin could be compared further 
with those of antigen. 

Crystalline trypsin,t in amounts varying from 3 to 7 mg per 
kilo, was injected via the marginal ear vein into 5 rabbits. Blood 


* Guggenheim Fellow, Instituto Biologico, Sao Paulo, Brazil. 

1 Rocha e Silva, M., Arch. f. exp. Path. u. Pharm., 1940, 194, 335. 

* Ackermann, D., Naturwiss, 1939, 515. 

3 Rocha e Silva, M., Arch. f. exp. Path. wu. Pharm., 1940, 194, 351. 

+ Ramirez de Arellano, M., Lawton, A. H., and Dragstedt, C. A., Proc. Soc. 
Exp. Biou. AND MEp., 1940, 43, 360. 

5 Dragstedt, C. A., and Gebauer-Fuelnegg, E., Am. J. Physiol., 1932, 102, 
512, 520. 

6 Rose, B., and Weil, P., Proc. Soc. Exp. Brou. AND Mep., 1939, 42, 494. 

7 Dragstedt, C. A., Ramirez de Arellano, M., and Lawton, A. H., Science, 1940, 
91, 617. 

+ Plaut Research Laboratory preparation. 
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TABLE I. 
Histamine Content and Leukocyte Count of Rabbit’s Blood Before and After the 
Intravenous Injection of Trypsin. 


Before After 

a ig =a) Gita. Seu”) 

Exp. W.B.C. Histamine W.B.C. Histamine 
1 a 5.2 — 0.4 
2 9,200 3.5 5,200 0.4 
3 12,700 6.0 5,200 2.0 
+ 6,500 9.0 3,200 4.5 
5 12,200 1.5 4,100 0.1 


Histamine values in micrograms of histamine acid phosphate per ee of blood. 


was obtained by cardiac puncture before and after the injection and 
assayed for its histamine content by Code’s method.’ Leukocyte 
counts were also made. The results are shown in the accompanying 
table. 

As noted in the table, there was a striking reduction in the total 
blood histamine in every case. There was also an associated 
marked reduction in the leukocyte count. Code® has presented evi- 
dence that from 70 to 100% of the total blood histamine of rabbits 
is contained in the white blood cells and also’ evidence that the 
granular leukocytes are the major source. From the results indi- 
cated in the table, it is apparent that the reduction in total blood 
histamine cannot be accounted for entirely by the reduction in the 
total leukocyte counts. As an alternative explanation for the much 
greater reduction in histamine than the corresponding reduction in 
leukocytes was obtained by studying the effects of trypsin on rabbit’s 
blood in vitro, no attempts to correlate the histamine changes with 
counts of the granular cells were made. 

Katz" demonstrated that when antigen is added to blood from a 
sensitized rabbit in vitro, there is a release of a considerable fraction 
of the cellular histamine into the plasma. We have found trypsin 
to have a similar effect. Rabbit’s blood was obtained by cardiac 
puncture, heparinized to prevent clotting, and divided into 3 por- 
tions. The total blood histamine was determined on the first sample, 
the second sample was centrifuged and the plasma histamine deter- 
mined, trypsin was added to the third sample and it was then centri- 
fuged and the plasma assayed for histamine. The addition of trypsin 
caused no change in the total blood histamine, while the plasma 


8 Code, C. F., J. Physiol., 1937, 89, 257. 
9 Code, C. F., J. Physiol., 1937, 90, 349. 
10 Code, C. F., J. Physiol., 1937, 90, 485. 
11 Katz, G., Science, 1940, 91, 221. 
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histamine was doubled or trebled, indicating that there must have 
been a release of histamine from cells to plasma. There is no reason 
to doubt that a similar release of histamine from cells to plasma 
occurs when trypsin is injected into the intact animal. In the latter 
instance the plasma histamine undoubtedly diffuses rapidly into the 
various tissues so that the reduction in total blood histamine which 
results when trypsin is injected into rabbits is partially due to the 
removal of leukocytes from the circulating blood and partially to the 
diffusion of histamine from blood cells to plasma to tissues. 

Summary. The intravenous injection of trypsin into rabbits re- 
sults ina prompt reduction in the total blood histamine with an asso- 
ciated leukopenia. The addition of trypsin to heparinized rabbit’s 
blood in vitro results in a shift of histamine from cells to plasma. 
In both respects the effects of trypsin are similar to those produced 
by antigen in sensitized animals. 
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Relationship Between Osmotic Activity and Sodium Content 
of Gastric Juice.* 


NATHAN Lirson, RicHarp L. VARco AND M. B. VISSCHER. 
From the Department of Physiology, University of Minnesota. 


Several investigators’ have advanced evidence for the view that 
gastric juice consists of a mixture of component secretions. Hol- 
lander has postulated at least two such components, one a solution 
of hydrochloric acid isosmotic with blood and the other an alkaline 
fluid with an electrolyte distribution more or less similar to that of 
plasma.” It was his conclusion that the mixture of these two com- 
ponent secretions would have a total ionic concentration less than 
either of the “pure’’ components. Under such circumstances buf- 
fering would occur as represented by the following reactions: 

COs. EHO. 


f 
(1) H* + Cl + Na+ + HOCO-3 > Nat + OF + H5C0; 
(2) H*t-+ Cl- + Na+ + Buffer- > H Buffer + Na+ + Cl 


“We are indebted to Mr. Charles Carr for carrying out the sodium determina- 
tions for this study. 

1Gamble, James L., and McIver, Monroe A., J. Exp. Med., 1928, 48, 837; 
Hollander, Franklin, J. Biol. Chem., 1932, 97, 585; Dienst, C., Ges. Exp. Med., 
83,718; Liu, A. C., Yuan, I. C., and Lim, R. K. S., Chinese J. Physiol., 1934, 8, 1. 

* Hollander, Franklin, Am. J. Dig. Dis. and Nut., 1936, 3, 651. 


Osmotic Activity AND SopiuM CONTENT GASTRIC JUICE 423 


where Na* represents a typical cation and ‘“Buffer~’ represents any 
buffer anion other than bicarbonate. The resulting diminution of 
the concentration of osmotically active constituents should reflect 
itself in a decreaase in osmotic activity of the mixture. In the present 
study, therefore, the osmotic activity of gastric juice samples has 
been plotted as a function of the sodium content, the latter being 
assumed tentatively to be a measure of the relative amounts of alka- 
line component in the mixed juice. 

Methods. Medium size, healthy, mongrel dogs, possessing a 
functioning Heidenhain and/or pyloric pouch which had been con- 
structed a minimum of 3 months prior to these experiments, were 
employed. All dogs were trained to remain standing for the duration 
of a particular experiment. Gastric secretion was stimulated by a 
subcutaneous injection of 1.5 mg of histamine diphosphate, or 12 
mg of pilocarpine, in aqueous solution. Secretions were collected in 
clean test tubes, capped by a rubber diaphragm, to reduce evaporation 
and external contamination, with a single perforation allowing free 
flow from the pouch via a mushroom catheter. Plasma was obtained 
from femora! arterial blood samples drawn at the conclusion of each 
gastric juice collection period. All blood was secured and centri- 
fuged under oil. Heparin was employed as the anticoagulant. Os- 
motic activities were determined with the Hill-Baldes* thermo- 
electric osmometer at 37.5°C (except for 3 initial samples deter- 
mined at 25°C) and in a gas phase of 5% CO, in oxygen. Results 
are expressed in terms of milli-equivalents of NaCl per kilo of water. 
Samples were analyzed for sodium by the micro zinc uranyl acetate 
method of Dean.* 

Results. Fig. 1 presents in graphic form the results of the de- 
terminations. The feature to which we wish mainly to call attention 
is emphasized by the curve drawn as an approximate fit to the data. 
Regardless of the condition of stimulation or of the type of pouch 
from which samples were obtained, the osmotic activity of the juice 
appeared, under the circumstances of this investigation, to be a 
function of the sodium content. Specifically, (1) the samples with 
low sodium content (less than 20 m.E./L.) 1. e., those presumably 
representing acid juices with relatively little admixture of alkaline 
component, showed osmotic activities of the same order as, or higher 
than, that of the corresponding plasma; (2) the samples with the 
highest sodium contents (120-135 m.E./L.) 7. ¢., presumably those 
representing the alkaline component with relatively little admixture 


3 Baldes, E. J., J. Sc. Instrum., 1934, 11, 223. 
4 Dean, R. B., unpublished. 
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of acid juice, likewise tended to exhibit an osmotic activity of the 
same order as, or higher than, that of plasma; (3) samples with in- 
termediate values were, with a few exceptions, hypotonic. It is 
precisely in these samples that a lowering of osmotic activity due 
to buffering would, by prediction, be most extensive. Therefore 
the general distribution of experimental values appears consistent 
with the two-component theory and the implied buffering mechanism. 

Certain other features of these results with reference to the condi- 
tions of stimulation may also be briefly noted: (a) Histamine stim- 
ulated juices were all 2-6 m.E./K. hypertonic (relative to the cor- 
responding plasma); (b) pilocarpine stimulated juices were either 
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uae between relative osmotic activity of gastric juice and its sodium 
content. 
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isotonic of hypotonic, but not hypertonic; (c) fasting juices 
were hypertonic, isotonic, or hypotonic. 

The mean osmotic activity of 30 plasma samples was 159.8 
m.E./K. with a standard deviation of the distribution of +2.8 
miEA/K. 

Summary. The osmotic activity of pouch gastric juice samples 
relative to that of the plasma is presented as a function of the 
sodium content of the gastric juice. 

The general features of the resulting distribution are in qualita- 
tive agreement with the predictions based on the two-component 
theory of Hollander and the buffering process which it implies. 
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The First Appearance of Functional Activity in the Pars 
Intermedia in the Frog, Xenopus. 


WiLLiAM ETKIN. 


From the American Museum of Natural History and the College of the City of 
New York.* 


The development of functional activity in the pars intermedia of 
the pituitary has evoked considerable interest since the first 
workers on the amphibian gland found evidence of early 
activity in the gland. From the original observations of Smith 
and Allen (see Smith’) on hypophysectomy in the frog em- 
bryo it was apparent that the operated animals could be distin- 
guished from the controls in pigmentation by the time the animal 
assumed its definitive tadpole form. In my own experience with 
Rana sylvatica and pipiens this is at about 13 mm and about 7-8 days 
after the tail bud stage at 26°C. Blount’ in his multiple pituitary 
transplants in Amblystoma noted some differences in general tone 
of pigmentation between hypophysectomized, normal and multiple 
pituitary animals at earlier stages than reported in the frog. He 
interpreted his observations to indicate hypophyseal function at about 
stage 41 of Harrison, apparently the stage at which the limb buds 


* Assistance in the conduct of this work was provided by Works Progress Ad- 
ministration, Official Project No. 165-1-97-8WP10. 

1 Smith, P. E., Amer. Anat. Mem., No. 11, 1920. 

2 Blount, R. F., J. Hxp. Zool., 1932, 63, 113. 


a) 


496 FuNcTIoNAL ACTIVITY IN Pars INTERMEDIA IN FROG 


begin to show division. In the chick, Chen, Oldham and Geiling® 
recently reported extracting a potent melanophore factor from the 
pituitary regions of chicks of 5 days’ incubation. This is a stage 
before cytoplasmic differentiation appears in the gland cells. 

Through the courtesy of Mr. L. R. Aronson of this laboratory, 
the author has had the opportunity of observing the development of 
the tadpoles of Yenopus laevis, the so-called African clawed frog. It 
was noted that the egg has very little free pigment. Whether be- 
cause of this or of a genuine precocity in appearance, the true 
melanophores can be observed at a relatively early stage of develop- 
ment. It was felt that the investigation of the initiation of secre- 
tion in the pars intermedia could be made at an earlier stage in 
embryogeny in this form than in any others hitherto reported. 

Bles* has described the normal development of this animal and 
although he did not describe the history of the melanophores, his 
excellent figures of the stages furnish convenient reference points. 
Hypophysectomy was done on animals in early tail bud stages 
(Bles Fig. 12, 13) about 24 hours after egg-laying. No melano- 
phores are discernible at this stage nor has heart beat appeared. 
Twenty operated and a like number of normal animals were set up. 

Since it was not possible to observe these animals continuously, 
accurate timing of development at a constant temperature was not 
made but in approximately 20 hours at room temperature the 
animals passed into advanced tail bud stages as shown in Bles Fig. 
13a. In this stage the first appearance of melanophores can be seen 
along the anterior dorsal margin of the yolk mass. In both the nor- 
mal and hypophysectomized animals these were observed to be in 
approximately the same state, namely, well expanded but perhaps 
not completely so. In the course of the next 5 or 6 hours the animals 
develop more elongate tails and reach the stage illustrated in Bles 
Fig. 19. This is slightly earlier than shown in Fig. 1 of the present 
paper. At this stage the normals show well expanded melanophores 
extending along the dorsal edge of the yolk body, on either side of the 
nerve cord and over the dorsal aspect of the anterior end of the brain. 
The successfully hypophysectomized animals, at this time, can be 
clearly distinguished from the normals by the fact that most of 

1 


to points. This is most clearly seen in the dorsal melanophores and 
is illustrated by an hypophysectomized animal in a slightly later stage 


3 Chen, G., Oldham, F. K., and Geiling, E. M. K., Proc. Soc. Exp. Bion. anb 
Mep., 1941, 45, 810. 


+ Bles, Ed. J., Trans. Roy. Soc. Edin., 1906, 41, 789. 


FUNCTIONAL ACTIVITY IN PARS INTERMEDIA IN FroG 427 


in Fig. 1 and in Fig. 2 for a still older normal animal. The melano- 
phores along the anterior margin of the yolk which had been the 
first to develop remain in a partially expanded condition for as much 
as a day after the dorsal melanophores show clear contraction. The 
development of 15 hypophysectomized and 15 control animals was 
followed through this stage. 

In the subsequent development of the two groups the distinction 
between them becomes more and more marked so that when the 
definitive tadpole form is attained the well known characteristics of 
the hypophysectomized animal appear in their typical form; the 
melanophores are contracted and the leucophores are broadly ex- 
panded. 

It is thus apparent that in late tail bud stages, 26 hours or so after 
the appearance of the pituitary primordium and about 48 hours after 
fertilization, the effect of a removal of that primordium can be 
clearly detected in the diagnostic reaction of the melanophores. The 
animal at this stage shows no limb buds, and only slightest stubs of 
gills. The oral membrane is not yet ruptured and circulation has 


1 


Gs obe 
Hypophysectomized animal slightly beyond stage corresponding to Bles. Fig. 19, 
Note contracted dorsal melanophores such as near tip of arrow. 
Fig. 2. 
Normal animal a few hours older than in Fig. 1. Note expanded dorsal melano- 
phores as near tip of arrow. Contiguous melanophores appear to fuse to form a 
continuous band. 


Fig. 3. 

Section through pituitary primordium in animal same stage as in Fig. 1. 
Pituitary may be seen between foregut below and diencephalon above. Yolk in 
pituitary appears as irregular granules larger than the chromatin granules. One 
group of such is to be seen just beyond tip of the arrow. 
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been established less than 18 hours. In accordance with our present 
concepts this may be taken to indicate that at this time, and possibly 
even earlier, the melanophore hormone is already being produced 
and secreted by the developing gland. The morphology of the gland 
at this period is therefore of some interest. In sections it appears as 
a mass not differentiated into parts and still showing remnants of a 
column of cells connecting to the ectoderm. The cells still contain 
considerable yolk granules, the cytoplasm is scant and does not show 
granular differentiation (Fig. 3). We are thus led to conclude that 
melanophore hormone secretion is initiated in the still undifferentiated 
primordium of the pituitary in Xenopus. 

Summary. Observations on the development of the melanophores 
in normal and hypophysectomized Xenopus show contraction of the 
melanophores in the latter at a late tail bud stage, about 48 hours after 
fertilization. The pituitary at this stage is undifferentiated. It is 
inferred that the secretion of melanophore hormone begins at or pos- 
sibly before this time. 
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Selective Inhibition of Sulfonamide Drugs by Various Media. 


ELIAS STRAUSS AND MAXWELL FINLAND. 


From the Thorndike Memorial Laboratory, Second and Fourth Medical Services 
(Harvard), Boston City Hospital, and the Department of Medicine, Harvard 
Medical School, Boston. 


It is now recognized that body fluids, as well as the usual labora- 
tory media for cultivation of bacteria, contain substances which 
inhibit the action of sulfonamide drugs.” * It has been shown that 
different media vary in the amount of inhibiting substances they 
contain.” The question arises whether different sulfonamide drugs 
are inhibited to the same degree in a given medium. Were this true 
it might be possible to draw valid conclusions from in vitro studies 
of the comparative bactericidal or bacteriostatic effects of different 
drugs. In this paper we present some evidence that this assumption 
may not be justified. 


Methods and Materials. Growth curves with stock strains of 


1 Lockwood, J. S., and Lynch, H. M., J. 4m. Med. Assn., 1940, 114, 935. 
2 MacLeod, C. M., J. Eup. Med., 1940, 72, 217. 
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Type III and Type V pneumococci were made as in previous studies.* 
In making explants for colony counts, the bacteriostatic effect of 
sulfonamide drugs was inhibited by the addition of p-aminobenzoic 
acid.* The “blood broth” consisted of a meat infusion broth with 
1% bacto-peptone (Difco) and 0.05% glucose, to which 1% de- 
fibrinated rabbit blood was added. “Liver infusion’? was prepared 
as described by MacLeod,’ but modified by the addition of 1% of 
an acid hydrolysate of casein* and suitable buffering salts. 

Results. The comparative effects of equal concentrations of sulfa- 
thiazole and sulfadiazine on the growth of Type III pneumococci in 
various media are shown graphically in Fig. 1. 

In blood broth, with inocula of about 100 organisms per milliliter, 
10 mg % of sulfathiazole are bactericidal in 24 hours. Under iden- 
tical conditions, sulfadiazine is only slightly bacteriostatic. In horse 
serum the results are about the same as in blood broth. In human 
plasma (cell-free citrated blood) sulfadiazine exhibits relatively 
more bacteriostasis, and sulfathiazole relatively less, than in blood 


BLOOD BROTH HUMAN SERUM 


LOG. NO. ORGANISMS 


FROLUIRES 
Fig. 1. 
Growth curves of Type III pneumococcus in various media. S.D. = sulfa- 
diazine, 8.T. — sulfathiazole, and the numbers indicate the concentration of these 


drugs in mg per 100 ml. Control contains no drug. 


3 Spring, W. C., Jr., Lowell, F. C., and Finland, M., J. Clin. Invest., 1940, 


19, 163. 
4 Strauss, E., Lowell, F. C., and Finland, M., J. Clin. Invest., 1940, 20, 189. 


* Prepared and supplied by Dr. J. Howard Mueller. 
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broth. On the other hand, in human serum (from clotted blood) 
sulfathiazole is inhibited to a much greater degree than in any of the 
other media, while sulfadiazine is about as effective as it is in blood 
broth or in horse serum. In the liver infusion medium the two 
drugs are equally bactericidal in concentrations of 5 mg 9% or 
more. In this medium, however, sulfathiazole is bactericidal in 
concentrations as low as 1 mg %, whereas a similar concentration of 
sulfadiazine is almost without effect. 

In Fig. 2 a comparison is made of the effect of sulfathiazole and sul- 
fadiazine on the growth of Type V pneumococci in whole defibrinated 
blood and in the serum of the same defibrinated blood. In previous 
tests this subject’s blood was found to possess no natural bacteri- 
cidal action against Type V pneumococci. Here again sulfathiazole 
was more effective in defibrinated blood than in serum. Sulfadiazine, 
on the other hand, was only slightly bacteriostatic in both media. 

Comment. Various types of in vitro tests have been used for the 
determination of the comparative bactericidal and bacteriostatic 
efficacy of sulfonamide drugs.’* In studies on the action of sulfa- 
pyridine and sulfathiazole on the pneumococcus, both the clinical 
results and therapeutic experiments in animals correlated fairly 
closely with im vitro results. With sulfadiazine it became evident 
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5 Chu, H. I, and Hastings, A. B., J. Pharmacol. and Exp. Therap., 1938, 63, 407, 
6 Kempner, W., Wise, B., and Sehlayer, C., 4m. J. Med. Sci., 1940, 200, 484. 
7 Long, P. H., and Bliss, H. A., Proc. Soc. Exe. Bion. AND Mep., 1940, 43, 324. 
8 Lowell, F. C., Strauss, E., and Finland, M., Ann. Int. Med., 1940, 14, 1001. 
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that the excellent therapeutic results in animals® and in patients*® 1 
were at variance with the results obtained in vitro with the media 
usually employed for these tests. The results reported in this paper 
emphasize the importance of the proper selection of media for the 
performance of im vitro tests. Both sulfathiazole and sulfadiazine 
are inhibited to various degrees in the media used; moreover, the 
degree of inhibition of the same drug is not constant in different 
media. On the basis of activity in blood broth it might be concluded 
that sulfadiazine is no more active against Type III pneumococci than 
an equivalent concentration of sulfanilamide. Essentially the same 
results were obtained by Osgood, using marrow cultures.’” In a liver 
infusion medium, however, sulfadiazine is as active as sulfathiazole 
in concentrations of 5 mg % or more. In lower concentrations in 
this medium our unpublished observations indicate that it is about as 
active as sulfapyridine. 

Summary. Sulfathiazole and sulfadiazine are inhibited to vary- 
ing degrees in different media. In blood broth sulfadiazine is se- 
lectively inhibited to a greater degree than sulfathiazole. In human 
serum sulfathiazole is inhibited to a greater degree than it is in blood 
broth, in human plasma, in defibrinated blood or in horse serum, 
while sulfadiazine is inhibited to about the same extent in these 
media. In liver infusion medium sulfadiazine and sulfathiazole are 
equally effective in a concentration of 5 mg % but sulfathiazole is 
more effective in lower concentrations. The possible error of attempt- 
ing to compare therapeutic efficacy of different sulfonamides on the 
basis of the results of 1 vitro tests is discussed and the importance of 
the proper selection of media for the performance of im vitro tests 
of sulfonamide drugs is emphasized. 


9 Feinstone, W. H., Williams, R. D., Wolff, R. T., Huntington, E., and Crossley, 
M. L., Bull. Johns Hopkins Hosp., 1940, 67, 427. 
10 Flippin, H. F., Rose, S. B., Schwartz, L., and Domm, A. H., Am. J. Med. Sci., 
1941, 201, 585. 
11 Finland, M., Strauss, E., and Peterson, O. L., J. Am. Med. Assn., 1941, 116, 
2641. 
12 Bullowa, J. G. M., personal communication. 
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Bacteriostatic and Bactericidal Action of Sulfadiazine in Vitro on 
Gram-Negative Bacteria. 


Eras STRAUSS AND MAXWELL FINLAND. 


From the Thorndike Memorial Laboratory, Second and Fourth Medical Services 
(Harvard), Boston City Hospital, and the Department of Medicine, Harvard 
Medical School, Boston. 


Animal studies! and clinical results in patients” * have indicated 
that sulfadiazine may be a chemotherapeutic agent of low toxicity 
and wide therapeutic applicability. Jn vitro studies of this drug on 
the pneumococcus are reported separately.* In this paper a com- 
parison is made of the bactericidal and bacteriostatic activity im 
vitro of sulfadiazine and sulfathiazole on a number of common 
pathogenic gram-negative bacteria in a simple medium. 

Materials and Methods. Stock laboratory strains of Escherichia 
coli, Salmonella typhimurium (aertrycke), S. enteritides, S. para- 
typhi, S. schottmiilleri, S. choleracsms (suipestifer), Klebsiella 
pneumonie (type A) and Shigella paradysenterie (Flexner) were 
used. The identity of the organisms was verified by their typical 
cultural, fermentation and serological reactions.* The medium 
used was that of Sahyun as modified by MacLeod? by the addition 
of 0.2% of an acid hydrolysate of casein. Growth curves were 
performed by the method previously described.° Incubation was 
at 37°C. The stock cultures were stored at 4°C. on plain agar 
slants and were transferred 2 or 3 times in the semi-synthetic me- 
dium before testing. 

Results. The comparative activity of sulfadiazine and sulfa- 
thiazole on the organisms tested is shown in Fig. 1. With original 
inocula of from 100 to 1000 organisms per milliliter, 1 or 2 mg 


1 Feinstone, W. H., Williams, R. D., Wolff, R. T., Huntington, E., and Crossley, 
M. L., Bull. Johns Hopkins Hosp., 1940, 67, 427. 
2 Finland, M., Strauss, E., and Peterson, O. L., J. Am. Med. Assn., 1941, 116, 
2641. 


3 Flippin, H. F., Rose, 8. B., Schwartz, L., and Domm, A. H., Am. J. Med. Sci., 
1941, 201, 585. 

4 Strauss, E., and Finland, M., Proc. Soc. Exp. BioL. AND Mep., 1941, 47, 428. 

*The strains were obtained from Miss Marian Lamb of the Bacteriological 
Laboratory, Boston City Hospital. The medium used was unsatisfactory for 
studies on the stock strain of Eberthella typhi. 

5 MacLeod, C. M., J. Exp. Med., 1940, 72, 217. 


6 Spring, W. C., Jr., Lowell, F. C., and Finland, M., J. Clin. Invest., 1940, 
19, 163. 
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%o of either drug is bactericidal in 24 hours against E. coli, Shigella 
paradysenteriae (Flexner) and S. choleraesuis (suipestifer). For 
S. enteritides, S. schottmiilleri and S, typhimurium (aertrycke), 5 mg 
% is bactericidal; for S. paratyphi this concentration is bacteriostatic. 
In the case of Klebsiella pneumoniae (type A) both drugs are bac- 
tericidal in concentrations of 10 mg %. 

Comment. The marked bacteriostatic and bactericidal activity of 
both drugs in concentrations as low as 1 mg % is in contrast to their 
only moderate bacteriostatic effect in broth in concentrations from 10 
to 50 times as great.’ In studies to be reported separately, we have 
tested various sulfonamide drugs on E. coli in a completely synthetic 
medium in which inorganic salts are the only source of nitrogen. 
The activity of sulfadiazine and sulfathiazole is essentially as re- 
ported here, while sulfapyridine, sulfaguanidine and sulfanilamide 
are progressively less active in the order given. In the case of 
E. coli, therefore, there is no evidence that there is any significant 
degree of inhibition of sulfadiazine and sulfathiazole by the medium 
used in these studies. The two drugs probably have about the same 
order of activity for this organism. Whether or not the medium 
used here had any inhibitory effect on the drugs in the case of the 
other organisms studied cannot be stated. 

Some of the difficulties involved in attempting to predict thera- 


SUIPESTIFER 


LOG. NO. ORGANISMS 


Growth curves of § strains of gram-negative bacteria in a simple medium. 
Control contains no drug. SD = sulfadiazine, ST = sulfathiazole, and the num- 
bers indicate the concentration of these drugs in mg per 100 ml. 


i Klinefelter, H. F., Proc. Soc. Exp. Bron. AnD MeEp., 1941, 46, 591. 
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peutic efficacy on the basis of in vitro results of sulfonamide action 
have been commented upon elsewhere.* The activity of a drug 
in vitro does not necessarily parallel its activity in experimental 
animals or in human subjects. Jn vitro tests may be useful as pre- 
liminary guides to in vivo studies, but cannot substitute for them. 

Summary. When small inocula are planted in a semi-synthetic 
medium, sulfadiazine and sulfathiazole are bactericidal in concen- 
trations as low as 1 or 2 mg % on E. coli, Shigella paradysenteriae 
(Flexner) and S. choleraesuis (suipestifer); and in 5 mg % on S. 
enteritides, S. schottmiilleri and S. typhimurium (aertrycke). In the 
latter concentration they are bacteriostatic for S. paratyphi and in 10 
mg % they are bactericidal for Klebsiella pneumoniae, type A. 
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Radiosensitivity of Skin of New-Born Rats. III. Sensitivity at 
Different Temperatures.* 


T. C. Evans, J. P. Goopricu, AND J. C. SLAUGHTER. 
(Introduced by J. H. Bodine. ) 


From the Departments of Radiology and Zoology, State University of Iowa. 


In a previous paper’ it has been reported that temperatures of 
O-5°C during roentgen irradiation (1,300 r) decreased the amount 
of injury produced in the skin of new-born rats. Ina second series 
of experiments” this increased resistance of animals irradiated at 
0-5°C was studied quantitatively for dosages ranging from 300 to 
3000 roentgens. The purpose of this investigation was to deter- 
mine whether the resistance would change quantitatively with in- 
creasing temperature. 

The animals were of the same strain used in the previous studies.t 
The temperature was controlled during the irradiation by placing 
the animals in a double walled box, constructed of transparent 
sheet plastic, containing water at the desired temperature. The 


* Aided by grants from the Committee on Radiations of the National Research 
Council, and the Rockefeller Fund for Research on Physiology of the Cell. 

The writers are indebted to Professors J. H. Bodine and H. D. Kerr for their 
interest and helpful criticisms. 

1 Evans, T. C., J. Roentgenol. and Rad. Ther., in press. 

2 Evans, T. C., Robbie, W. A., Goodrich, J. P., and Slaughter, J. C., Proc. Soc. 
Exp. Brot. and Mep., 1941, 46, 662. 

t These animals were kindly supplied by Dr. Emil Witschi from his rat colony. 
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temperature of the skin before and after the irradiation was deter- 
mined by means of a thermocouple. Experiments indicated that the 
rectal temperature changed very rapidly to that of the skin at low 
and at high temperatures, but at room temperature the interior of 
the body was slightly warmer than the skin. 

The radiation used was unfiltered except for 1 mm of cardboard 
and 2 sheets of 0.5 mm plastic. The radiation was delivered at 
130 K.V. peak and 5 ma. The half-value layer was ca. 1.5 mm 
aluminum. The intensity in the box at 26°C was 137 roentgens 
per minute. The target distance was 30 cm. 

The exposed skin was a 6 x 9 mm area to one side of the mid- 
ventral region of the abdomen. Both ventral and dorsal skins were 
examined microscopically 2 weeks later, and the extent of injury 
determined in units as described in a previous report.” 

Fig. 1 shows some typical results of irradiation at different 
temperatures. These animals were litter mates and each was given 
the same dosage. No epilation is visible in the animals treated at 
O° and 6°C. The rat irradiated at 17°C shows slight epilation and 
the one at 37°C shows complete epilation. Twenty-five new-born 
rats have been irradiated in this investigation, and the results are 
summarized in Fig. 2. The width of each block indicates the var- 
iation in temperature from the beginning to the end of the irradia- 
tion and the height of each block is twice the standard error of the 
mean of the determinations as made several times by each investi- 


ig. 
Littermates 14 days after irradiation with a dosage of 2010 roentgens. 
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gator. The highest temperature employed was 40°C which was as 
high as the animal could tolerate for the 15-minute period. Al- 
though much individual variation is evident, the data clearly show 
that the sensitivity increases as the temperature is raised. It is 
interesting to note that the variation produced at the different tem- 
peratures covers a range of injury which is equivalent to that pro- 
duced by 0 to 2500 roentgens. 

The quantitative relationship between the effect and the tempera- 
ture indicates the possible importance of one or more metabolic proc- 
esses in determining the amount of injury produced by the radia- 
tion. Although the heart rate, breathing, etc. of such new-born 


30 
be 
30 a 


Be 
=] 
= 
Ny 
MO 


ao 


7 


20 oe 


Mn 
n 


EQUIVALENT DOSAGE AT 25°C.(1N100 R) 


Y) 

aoe dhe) 10 
z fi 

=) 

Zz 

Ee eee) 

« id 2 
=) 

@) 

ra 

rz fe) 


0 4 6 “129162024 e Sete oma 
TEMPERATURE - °C. 


Fig. 2. 
A graph showing the amount of injury produced at different temperatures, 
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animals are generally regarded as dependent on temperature, it 
seemed worthwhile to test the relationship on these animals. 

With the assistance of Professor T. L. Jahn, electrocardiograms 
were made at different temperatures. The first experiment was 
begun at 26.5°C and the heart was beating 225 times a minute at 
this temperature. The temperature was then lowered to 16.5° and 
the heart beat rate immediately dropped to about 125 per minute. 

_After the animal had been at 10° for 10 minutes the rate was about 
30 per minute. The rate after 30 minutes at 10° was only 18 
per minute. The temperature was then reduced to 1-2°C and the 
rate dropped to 2 per minute. The temperature was raised to 
26.5° and after an hour the rate had increased to 250 per minute. 
The rate at 35° was 350 and at 40° the maximum of 400 beats per 
minute was obtained. A temperature of 45° proved to be too warm, 
as the rate dropped from 375 to 100 in 15 minutes, and after 5 
more minutes the rat was dead. 

In another experiment, a new-born rat was placed on ice and the 
heart-beat rate was found to reach the minimum within 10 minutes. 
This corresponds roughly to the rate of cooling of the skin. After 
it had been held to the minimal rate for 20 minutes the animal was 
placed again at room temperature. Within 5 minutes the rate had 
increased from zero to 22 per minute. After 53 minutes at room 
temperature the rate had increased to 165 beats per minute. 

The rate of breathing and the rate of oxygen consumption were 
also found to be increased by raising, and decreased by lowering the 
temperature. 

Since the circulation and respiration were found to respond to 
temperature in much the same way as the radiosensitivity it is quite 
possible that the temperature exerts its influence on radiosensitivity 
through its control of metabolic processes such as these. 
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Vitamin K Storage and Prothrombin Levels in Chicks Obtained 
from Injected Eggs.* 


R. T. Tiprtcx, F. W. Stamter, F. T. Joyce, anp E. D. WARNER. 
From the Department of Pathology, State University of Iowa, Iowa City. 


It has been shown! that hatching eggs obtained from hens main- 
tained on a diet rich in vitamin K yield chicks which appear to con- 
tain stores of the vitamin. Such chicks, when placed on a vitamin 
K-free diet show evidence of some protection against the develop- 
ment of ‘hemorrhagic chick disease.” Also, seasonal variations in 
the severity of this disorder have been noted.* Such variation might 
well be due to seasonal variation in the amount of vitamin K in the 
diet of the laying hens. 

In an attempt to study storage of vitamin K in greater detail, we 
have conducted a number of experiments in which vitamin K was 
injected into the eggs prior to their incubation. Certain of the 
synthetic compounds, now readily available, can be injected into the 
eggs without seriously interfering with the hatching yield or with 
the vigor of the newly-hatched chicks. In the present paper we wish 
to present data obtained by injecting potassium 2-methyl-1,4- 
naphthohydroquinone disulfate into the eggs. 

The vitamin was dissolved in phosphate buffer (pH 7.05) and 
heated to the boiling point briefly to reduce the likelihood of bac- 
terial contamination. In each instance, the dose injected was con- 
tained in 0.2 cc of the buffer solution. The eggs, immediately 
prior to their incubation, were cleansed with alcohol and the vitamin 
was injected into the albumin portion. The opening in the shell, 
made with a diamond point pencil, was sealed with celloidin. The 
two vitamin K levels used in the present experiment were 200 pg 
and 1000 pg. The hatch yielded 15 chicks from eggs injected with 
1000 wg, 10 chicks from the eggs injected with 200 pg, and 18 
uninjected controls. At the time of hatching, all of the chicks were 


* Aided by a grant from the John and Mary R. Markle Foundation and by 
funds provided by the Graduate College of the State University of Iowa. 

The vitamin K preparation used in this study was kindly prepared in the 
Organic Chemistry Department of the University under the direction of Dr. G. H. 
Coleman. 

1 Almquist, H. J., and Stokstad, E. L. R., J. Nutrition, 1936, 12, 329. 

2 Thayer, S. A., McKee, R. W., Binkley, 8S. B., MaeCorquodale, D. W., and 
Doisy, E. A., Proc. Soc. Exp. Biot. anp Mep., 1939, 41, 194. 
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placed on a vitamin K-free diet, previously described.? The blood 
samples were taken from the jugular vein with a syringe and hypo- 
dermic needle. Individual chicks were bled at 3-6-day intervals, 
so spaced as to give maximal coverage of the entire experimental 
period and at the same time avoid severe anemia. The prothrombin 
determinations were made by the two-stage method of Warner, 
Brinkhous and Smith.*° A total of 152 determinations was made 
during this experiment. 

The results obtained are shown graphically in Fig. 1. For 
simplicity in charting, the prothrombin values obtained were 
grouped into 5-day periods. The average prothrombin level and 
the average age of the chicks at the time tested were computed for 
each 5-day interval. 

At the time of hatching, the prothrombin level of the control 
chicks is only slightly lower than that of the chicks obtained from 
the injected eggs. From statistical analysis and from unpublished 
data, we doubt that this difference is significant. 


fe) 
°o 


® 
fo) 


~~ 
oO 


a 
fe} 


ny 
fo) 


1000 GAMM A 


b 
(o} 


w& 
°o 


tw 
fo) 


CONTROL, 


PLASMA PROTHROMBIN (% OF NORMAL ADULT) 


- 
fo} 


5 10 15 20 25 
DAYS OF LIFE 
Fig. 1. 
Prothrombin levels in chicks from injected eggs and from uninjected control eggs. 


3 Tidrick, R. T., Joyce, F. T., and Smith, H. P., Proc. Soc. Exp. BioL. AND 


Mep., 1939, 42, 853. ; 
4 Warner, E. D., Brinkhous, K. M., and Smith, H. P., Am. J. Physiol., 1936, 


114, 667. 
5 Smith, H. P., Warner, E. D., and Brinkhous, K. M., J. Hap. Med., 1937, 


66, 801. 
6 Warner, E. D., Brinkhous, K. M., and Smith, H. P., Am. J. Physiol., 1939, 
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There is a small initial rise in the prothrombin level of the con- 
trol group. This suggests the existence of small amounts of stored 
vitamin. This reserve is soon exhausted, however, and the pro- 
thrombin level falls markedly within the next 10 days. The chicks 
from the injected eggs, in contrast, contain sufficient stores that for 
a time the prothrombin level continues to rise toward adult levels 
which, by the two-stage prothrombin method, are somewhat greater 
than twice the hatching level. After about 10 days, this reserve is 
no longer adequate to maintain the rise but does prevent the pro- 
thrombin from rapidly falling to the bleeding level. 

Statistical analysis of the results showed remarkably little indi- 
vidual variation in the prothrombin values of the control group. In 
the injected groups, there was considerable variation from chick 
to chick. Also, there was considerable overlapping between the 
two injected groups during the first 10 days of life. The prothrom- 
bin values of the injected chicks were, however, consistently higher 
than those of the controls, and after the first 10 days of life, there 
was a conspicuous difference between the two injection levels. For 
the 10-15-day period, the observed difference in the average pro- 
thrombin values between the 200 wg and the 1000 pg groups is 
approximately 3% times the calculated standard error of the differ- 
ence. During the next 5-day period, the observed difference be- 
tween the average prothrombin values of these two groups is 
approximately 6 times the standard error of the difference. During 
these two age periods, the observed difference between the control 
group and the 200 wg group is slightly greater than twice the 
standard error of the difference. Also, it is significant that during 
the entire 30-day period, none of the chicks from the injected eggs 
showed any evidence of spontaneous hemorrhage. In sharp con- 
trast, all of the control group showed bleeding by the end of the 
third week of life and 7 of the 18 had died of hemorrhage by this 
time. All died of hemorrhage by the thirtieth day. 

Summary. Vitamin K (potassium 2-methyl-1,4-naphthohydro- 
quinone disulfate), injected into eggs prior to their incubation, pro- 
duces vitamin K stores in newly-hatched chicks. The injected 
vitamin protects against the rapid and extreme fall of the pro- 
thrombin level which occurs when chicks are placed on a vitamin 
K-free diet. 
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Vitamin K Requirement of the Newborn Infant.* 


Rea SELLS, 5. A. WALKER AND G. A, OWEN 
(Introduced by H. P. Smith.) 


From the Department of Obstetrics and Gynecology, and the Department of 
Pathology, State University of Iowa, Iowa City. 


During the first week of life the plasma prothrombin level of 
infants commonly falls to dangerously low levels.~* The fall can 
be minimized or entirely prevented by prophylactic administration 
of vitamin K to the infant after delivery*® or to the mother prior 
to delivery.* © When the treatment is given directly to the infant, 
a dosage of 1 mg of synthetic vitamin is usually employed. We 
agree that this is probably the proper dosage, but we shall show that 
it exceeds the minimal daily requirement almost 1000-fold. In view 
of this, we wish to suggest that a reasonable intake of milk, 
artificially supplied, may furnish enough vitamin K to meet the 
minimal needs of the normal infant, and that synthesis of the vita- 
min by intestinal bacteria may not be so important as commonly 
assumed. 

In the present studies we administered 2-methyl-4-amino-1-naph- 
thol (Synkamin) intramuscularly as a source of vitamin K activity. 
Treatment was of 3 types: (1) Maintenance therapy, consisting of 
small daily injections of the vitamin; (2) Prophylactic therapy, 
consisting of a single dose administered shortly after birth; (3) 
Curative therapy, in which case a single dose was given after de- 
pletion had already become established. 


* Aided by a grant from the John and Mary R. Markle Foundation. Funds for 
assistance were also supplied by the Graduate College, State University of Iowa. 

The Synkamin used in these studies was kindly furnished by Parke, Davis 
and Company. 

1 Brinkhous, K. M., Smith, H. P., and Warner, E. D., Am. J. M. Sce., 1937, 
193, 475. 

2 Owen, C. A., Hoffman, G. R., Ziffren, S. E., and Smith, H. P., Proc. Soc. Exp. 
Brot. AND Mep., 1939, 41, 181. 

3 Quick, A. J., and Grossman, A. M., Proc. Soc. Exp. Bion. AND Mep., 1939, 
41, 227. 

4 Waddell, W. W., and Guerry, D., J. 4. M. A., 1939, 112, 2259. 

5 Waddell, W. W., Guerry, D., Bray, W. E., and Kelley, O. R., Proc. Soc. Exp. 
Biot. AND Mep., 1939, 40, 432. ' 

6 Hellman, L. M., and Shettles, L. B., Bull. Johns Hopkins Hosp., 1939, 65, 138. 

7 Nygaard, K. K., Acta obst. et gynec. Scandinav., 1939, 19, 361. 

8 Dam, H., Tage-Hansen, E., and Plum, P., Ugesh. f. laeger, 1939, 101, 896. 
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Table I shows the results of maintenance therapy with vitamin 
K, along with the results obtained in 6 untreated controls. In the 
latter, the prothrombin usually reached its lowest level on the third 
or fourth day. The treated cases show that within the range of 
0.5-2.0 ug of vitamin, daily, there is some variation in the response, 
but at 2 »g, and at still higher levels, the fall is minimal or entirely 
absent. 

Table II shows the effect of a single injection of the vitamin, 
given within the first few hours of life. When the dosage is 5 ug 
or less, the prothrombin level eventually falls, but the fall is not so 
profound as when no vitamin is given. At the level of 10-20 zg, 
the prothrombin level is reasonably stable, and when the dose is 


TABLE I. 
The Daily Maintenance Requirement for Vitamin K.* 


Plasma prothrombin levelst 


~ 


Daily dose first second third fourth fifth sixth seventh 
Case vit. K day day day day day day day 
No. ug % Jo % 0 0 © %o 
il 0 116 74 58 36 53 80 90 
2 0 88 68 38 38 41 87 96 
3 0 108 42 37 31 48 81 95 
4 0 102 58 32 21 40 61 98 
5 0 86 58 25 27 23 f 
6 0 100 31 18 10 8 t 
a 0.05 108 83 65 60 72 100 
8 0.1 128 110 (al 62 64 84 
9 0.2 114 103 75 68 80 106 
10 0.5 114 107 83 110 110 123 
11 0.5 97 103 92 100 116 123 
12 0.5 115 98 gal 100 112 112 
13 0.5 75 63 73 64 82 85 t 
14 1.0 94 86 76 93 92 102 
15 1.0 115 100 103 110 112 118 
16 1.0 7 95 107 105 95 102 
17 1.0 104 92 88 93 97 102 
18 1.0 110 107 110 117 109 x 
19 1.0 87 92 95 115 100 N 
20 2.0 97 83 80 90 102 112 
21 2.0 97 102 110 107 112 t 
22 2.0 108 92 95 94 93 § 
23 5.0 96 89 101 111 106 100 
24 10.0 94 89 103 107 102 104 


“Synkamin solution was diluted with uormal saline to provide the indicated 
dosage. Injections were made into the gluteal muscles. 

tProthrombin determinations were made by a micro-adaptation of the ‘‘ bedside 
test’’ (Ziffren, S. E., Owen, C. A., Hoffman, G. R., and Smith, H. P., EEE Soc. 
Exp. BIOL. AND Mep., 1939, 40, 595). 

When glucose was given, a 10% solution was employed and a total of 200-400 
ce were administered. The infants, so treated, received neither colostrum nor milk 
during the period of study. Those infants which received ‘‘no colostrum’’ were 
given neither sugar nor milk. 

tGlucose daily. 

§No colostrum. 
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TABLE II. 
The Prophylactic Treatment of Infants with Vitamin K. 


—eeeeeee::_OCOn eee —— 


Plasma prothrombin levels 


Warts i — 

given first first second third fourth fifth sixth 
Case day only day day day day day day 
No. ug % % % % % % 
25 1 98 100 89 55 78 89 
26 2 108 92 57 27 57 83 
27 5 96 107 93 73 
28 5 125 91 88 102 104 
29 10 103 98 95 99 94 
30 20 89 89 100 102 98 95 
31 20 114 114 103 78 100 118 
32 50 112 110 110 116 118 113 
33 100 110 100 102 105 97 98 
34 1000 De 101 108 105 103 108 


Prothrombin determination and vitamin K administration were carried out as 
in the experiments given in Table I. 
still larger the fall in prothrombin is no longer apparent. From 
these data it is evident that the total vitamin K requirement for the 
first 5 days of life is definitely higher when the vitamin is given in 
a single dose at the beginning of the period than when given in the 
form of small daily injections. The experiments show, moreover, 
that a certain amount of storage is possible, but that considerable 
“wastage” does occur. 

It has been shown that the prothrombin level of the infant can be 
stabilized by the administration of 1 mg of the vitamin to the mother 
prior to delivery.” Since the prophylactic requirement of the infant 
is 10 to 20 ug, it follows that at least 1-2% of the vitamin given to 
the mother must pass into the fetal circulation. That this much 
should reach the fetus is not surprising when one recalls that the 
weight of the infant is about 5% as great as that of the mother. 
One is tempted to postulate a simple physical partition of the in- 
jected vitamin between the mother and fetus. 

Fig. 1 deals with curative rather than with the prophylactic 
dosage. The vitamin, given intramuscularly in one dose, was 
supplied on the second, third, or fourth day, while the prothrombin 
level was low. The response to 0.5 »g or less was slow and was in- 
complete. At the level of 1 »g the response was maximal, though 
still rather slow. With larger doses, 5 to 1000 »g a maximal re- 
sponse is usually obtained in as short a period as 8 to 10 hours. 

In a number of cases prothrombin determinations were made 
within the first 60 minutes after injection of the vitamin. However, 


9 Bohlender, G. P., Rosenbaum, W. M., and Sage, H. C., J. A. M. A., 1941, 116, 
1763 (literature cited). 
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no detectable response was observed in this short interval. The 
initial delay in response is evidently associated with metabolic proc- 
esses, not with sluggish absorption of the vitamin from the site 
of intramuscular injection, for data already published’? show a 
similar delay where the vitamin is given intravenously in 1 mg doses. 

Most workers now agree that the fall in prothrombin during the 
first 4 days of life is soon followed by a rise. It is significant that 
this rise develops as soon as the supply of breast milk becomes 
abundant; in fact Salomonsen'? ” showed that the fall could be 
prevented by simply giving 30-60 cc of cow’s milk during the first 
few days of life. Milk does not contain large amounts of vitamin 
K, and Salomonsen believed that the main role of the milk consists 
in providing a culture medium for intestinal bacteria which then 
produce the vitamin K in necessary quantities. Others® had already 
suggested the importance of bacteria, but without placing special 
emphasis on the role of milk. However, on finding that the vitamin 
K requirement of the newborn infant is extremely low, we sus- 
pected at once that the milk may of itself contain adequate amounts 
of preformed vitamin K. In testing this possibility we fed milk 


10 Willumsen, H. C., Stadler, H. E., and Owen, C. A., Proc. Soc. Exp. Bion. AND 
Mep., 1941, 47, 116. 


11 Salomonsen, L., and Nygaard, K. K., Acta paed., 1939, 27, 209. 
12 Salomonsen, L., Acta paed., 1940, 28, 1. 
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powder as a curative procedure to infants on the third or fourth day 
of life. We found that 5-10 g, given in water, gave a prothrombin 
response equivalent to 0.5-1.0 ug of the synthetic vitamin. If the 
dried milk be extracted with ether, a dose several times as large is 
required to give the same response. The ether-soluble extract from 
10-15 g of dried milk is more than adequate to give this response. 

Colostrum is consumed in small quantities during the first 3 days 
of life, and evidence indicates that it does contain small amounts 
of vitamin K. In 2 cases (19 and 22 of Table 1), nursing problems 
were such that the infants received water, but neither colostrum nor 
glucose. Several others, shown in Table I, received glucose, but no 
colostrum. There is some variation in results, but the general 
trend is toward lower prothrombin levels. We believe that the 
colostrum contains enough vitamin K to account for this small 
difference. 

Summary. The vitamin K requirement of the newborn infant 
is shown to be extremely low (approximately 1 wg of synthetic 
vitamin a day). Milk contains enough preformed vitamin K to 
meet this minimal requirement. 
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Absence of Supplementary Relationships in Requirements for 
Pyridoxin and Essential Fatty Acids.* 


GiLapys A. EMERSON. 
From the Institute of Experimental Biology, University of California, Berkeley. 


A number of investigators’ ® have been concerned with the ques- 
tion of a possible supplementary relation existing between pyridoxin 
and the essential fatty acids. 


* Aided by grants from the Research Board and the Department of Agriculture 
of the University of California, the Rockefeller Foundation, and Merck and Co., 
Rahway, New Jersey. Assistance was rendered by the Works Projects Adminis- 
tration, Official Project No. 65-1-08-62, Unit A-5. 

The following materials were generously contributed: thiamin, pyridoxin and 
g-tocopherol, Merck and Co.; riboflavin, Hoffmann-LaRoche Co.; 92% liver extract, 
Eli Lilly and Co.; calciferol, Mead Johnson and Co. 

1 Richardson, L. R., and Hogan, A. G., Univ. of Missouri Research Bull., 1936, 
No. 241. 

2 Quackenbush, F. W., and Steenbock, H., J. Biol. Chem., 1938, 123, 97. 

3 Salmon, W. D., J. Biol. Chem., 1938, 123, 104. 

4 Birch, T. W., J. Biol. Chem., 1938, 124, 775. 
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Recent experiments” 7° have indicated that pyridoxin, panto- 
thenic acid and linoleic acid (or arachidonic acid) are necessary for 
protection against dermatitis. 

Experimental. Experiments were designed to test the possible 
sparing action of linoleic acid upon the pyridoxin requirement of 
rats and vice versa. 

The diet employed differed from the usual fatty acid deficient 
ration in that the components of the vitamin B complex were sup- 
plied in crystalline form (except the filtrate fraction which was 
given as a liver filtrate). In the usual fatty acid free diet, the 
vitamin B complex is supplied in the form of an ether-extracted 
brewers’ yeast. Three levels (low, intermediate and high) of an 
essential fatty acid (ethyl linoleate) were fed in conjunction with 
two levels of pyridoxin (see table 1). 

Female rats from different litters were segregated into the several 
groups. Each litter had a representation in the 3 control groups: 
namely, the fatty acid deficient, pyridoxin deficient, and high fatty 
acid-high pyridoxin (groups 1, 4 and 5). The rats were placed on 
diet 822 and supplements at weaning (21 days) when their average 
weight was 49 g. 


Diet 822. 
Casein (alcohol: ether extracted11) 24 
Sucrose 72 
Salts (McCollum 185) 4 


The following supplements were fed six times weekly: 


Thiamin 15 ug 

Riboflavin PAY) 0” 

Liver filtrate12 equivalent to 5 g fresh livert 
Carotene 80 wg (fed in 2 drops of ethyl laurate) 
Caleiferol 12 IU (fed in 2 drops of ethyl laurate) 
a-tocopherol 0.5 mg (fed in 2 drops of ethyl laurate) 


The two levels of pyridoxin fed were 5 and 15 ug (the daily re- 


5 Quackenbush, F. W., Platz, B. R., and Steenbock, H., J. Nutr., 1939, 17, 115. 
6 Oleson, J. J., Bird, H. R., Elvehjem, C. A., and Hart, H. B., J. Biol. Chem., 
1939, 127, 23: 
7 Tange, U., Sci. Papers Inst. Phys. Chem. Res., Tokyo, 1939, 86, 482. 
8 Schneider, H., Steenbock, H., and Platz, B. R., J. Biol. Chem., 1940, 182, 539. 
9 Richardson, L. R., and Hogan, A. G., Proc. Am. Soc. Biol. Chem., 1941, 106. 
10 Salmon, W. D., Proc. Am. Soc. Biol. Chem., 1941, 109. 
11 Blumberg, H., J. Biol. Chem., 1935, 108, 227. 
12 Lepkovsky, S., Jukes, T. H., and Krause, M. E., J. Biol. Chem., 1936, 115, 557. 
t In ‘‘filtrate factor’’ tests the equivalent of 10 g of fresh liver stimulated 
growth to the same extent as did the equivalent of 5 g. 
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quirement of the rat appears to be approximately 10 pg. 4) Three 
levels of ethyl linoleate, 20, 40 and 80 mg, were given in conjunction 
with the 2 levels of pyridoxin. 

Rats receiving the fatty acid deficient diet (Group 1) exhibited 
the clinical symptoms of fatty acid deficiency involving a plateau- 
ing in growth, scaliness, dandruff, etc. (the classical syndrome of 
Burr and Burr). 20 mg of ethyl linoleate 6 times weekly (Group 2) 
protected against the dermatitis, but growth was stimulated to a 
greater extent with 40 and 80 mg than at the lower level (Groups 
3 and 4). 

Rats receiving the same diet with 80 mg of ethyl linoleate 6 
times weekly but deficient in pyridoxin (Group 5) showed the 
typical picture of pyridoxin deficiency, namely, subnormal growth 
and acrodynia (edematous paws, thickened ears, encrusted nose, 
etc.). Five »g of pyridoxin? did not completely prevent the appear- 
ance of the dermatitis. Little difference was apparent between the 
animals receiving the 3 levels of ethyl linoleate (Groups 6, 7 and 8). 
Growth was limited by the low pyridoxin intake as was evidenced 
by the weights of the animals receiving the higher level of pyridoxin. 

These results indicate that the two deficiencies are independent of 
each other. The types of dermatitis produced are easily distinguish- 
able. The scaliness of fatty acid deficiency was observed on a diet 


TABLE I. 
Growth and Dermatitis in Relation to the Intake of Ethyl Lineolate and Pyridoxin. 
Ethyl 
No.of Pyridoxin lineolate Gain in wt, Type of 
Group animals ug mg 150 days dermatitis 
1. Fatty acid deficient, 
pyridoxin high 12 15 — 81 Scale 
2. Fatty acid low, 
pyridoxin high 6 15 20 124 None 
3. Fatty acid intermediary, 
pyridoxin high 6 15 40 136 Ig 
4. Fatty acid high, 
pyridoxin high 12 15 80 145 te 
5. Fatty acid high, 
pyridoxin deficient 12 — 80 72 Severe acrodynia 
6. Fatty acid low, s ‘ i 
pyridoxin low 6 5 20 124 Mild 
7. Fatty acid intermediary, we io 
pyridoxin low 6 ) 40 120 
8. Fatty acid high, 
Sperieuis low 6 5 80 115 Mi ee 


13 Dimick, M. K., and Schreffler, C. B., J. Nutr., 1939, 17,23. 
14 Reedman, E. J., Sampson, W. L., and Unna, K.., Proc. Soc. Exp. BIoL. AND 
Mep., 1940, 43, 112. 
+ Reedman and coworkers!4 found that 2.5 pg of pyridoxin prevented the 
dermatitis over a 12-week test period. 
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supplemented with 15 »g of pyridoxin while the florid dermatitis 
(acrodynia) characteristic of pyridoxin deficiency was readily pro- 
duced on a diet supplemented with 80 mg of ethyl linoleate. 

Summary. In an attempt to disclose the possibility of a “sparing 
action” of fatty acids on pyridoxin deficiency, varying levels of ethyl 
linoleate were fed in conjunction with a subnormal and an optimal 
level of pyridoxin; the “sparing action” was not observed. 


13170 


Failure to Cure or Prevent Graying of Rats with p-Amino 
Benzoic Acid.* 


GrLapys A. EMERSON. 
From the Institute of Experimental Biology, University of California, Berkeley. 


Ansbacher' has reported that p-amino benzoic acid would cure the 
characteristic graying of areas of the pelage of rats maintained on 
a vitamin B deficient diet supplemented with thiamin hydrochloride, 
riboflavin, pyridoxin hydrochloride, calcium pantothenate, nicotinic 
acid, inositol and choline chloride. On the appearance of this paper 
a considerable number of characteristically grayed rats were avail- 
able to us for experimentation. They had been raised on a some- 
what different ration than that employed by Ansbacher, for they 
received a vitamin B deficient diet supplemented with only three 
substances, to wit: thiamin hydrochloride, riboflavin and pyridoxin 
hydrochloride. They were divided into four groups as follows: 

(1) Controls: Animals continued on the same diet and supple- 
ments which had produced the graying. 

(2) Animals receiving daily, in addition to the 3 supplements 
mentioned, 100 »g pantothenic acid. 

(3) Animals receiving daily, in addition to the 3 supplements 
mentioned, 3 mg of p-amino benzoic acid. 

(4) Animals receiving daily, in addition to the 3 supplements 


mentioned, both 100 »g of pantothenic acid and 3 mg of p-amino 
benzoic acid. 


“Aided by grants from the Research Board and the Department of Agriculture 
of the University of California, the Rockefeller Foundation, and Merek and Co., 
Rahway, New Jersey. Assistance was rendered by the Works Projects Adminis- 
tration, Official Project No. 65-1-08-62, Unit A-5. 

1 Ansbacher, S., Science, 1941, 98, 164. 
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After 25-30 days on the diet, a marked darkening of the fur 
amounting practically to a cure (only “‘stippling’ remaining) was 
noted in the group supplemented with calcium pantothenate alone 
and with calcium pantothenate plus p-amino benzoic acid. The 
animals receiving p-amino benzoic acid alone were not altered in 
appearance and were indistinguishable from the controls. There 
was an evident stimulus to growth as well as cure of the graying 
in the animals supplemented with the calcium pantothenate alone or 
the pantothenate and p-amino benzoic acid. The p-amino benzoic 
acid alone, which had no influence on the graying, also evoked no 
growth response. 

In spite of the negative curative efforts just enumerated, there re- 
mained the possibility that graying could be produced with the exact 
Ansbacher diet regardless of the fact that it was supplemented with 
500 »g of calcium pantothenate daily and that such graying could 
be prevented or cured with p-amino benzoic acid. 

Accordingly 30 animals were divided into 3 groups of 10 each, 
as follows: (1) This group received the Ansbacher supplements. 
(2) Same as above; it was planned to give p-amino benzoic acid 
when graying developed. (3) This group received prophylactically 
the Ansbacher diet plus 3 mg p-amino benzoic acid. 

After more than 2 months on this diet, no evidence of graying 
has appeared in any of these animals. In our experience animals 
deficient in pantothenic acid invariably show marked graying before 
the expiration of this time interval. 
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Cellular Response to Insulin in Suprarenals of Pigeons. 


RicHarp A. MILLER AND Oscar RIDDLE. 


From the Carnegie Institution of Washington, Department of Genetics, Cold 
Spring Harbor, N. Y. 


Several years ago this laboratory reported that the suprarenals of 
pigeons and doves respond by enlargement to single large doses or 
to repeated smaller doses of insulin.’ It was found further that 
delayed or secondary effects of heavy doses of insulin sometimes 
included the production of abnormally high blood sugars. Histo- 
logical examination of the suprarenals indicated that the enlarge- 


1 Riddle, O., Honeywell, H. E., and Fisher, W.S., Am. J. Physiol., 1924, 67, 333. 
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ment was chiefly or wholly in the cortical tissue. Poll” confirmed 
this enlargement of the cortical tissue of pigeons (and rats) follow- 
ing insulin; in rabbits Schenk and Langecker® reported like results, 
while Thatcher* noted no effect. Clear and definite results with 
pigeons is doubtless associated with the fact that this species sur- 
vives enormous doses of insulin.® In all the earlier studies on pigeons, 
adult birds of various races with varying weight of body and 
adrenals were used. We have now repeated and extended those 
observations on a uniform stock of young White Carneau pigeons 
(1.9 months from hatching), utilizing modern criteria of cellular 
activity in adrenal tissue, and also measured the influence of various 
levels of the reduced food-intake which accompanies all treatment 
of pigeons with insulin. 

Results. Both before and during the present study it was known 
that the weights of adrenals of uninjected birds of this age and race 
are fairly constant. Even the fact that birds killed in autumn and 
winter are heavier than those of spring and summer involves a mean 
difference of only 9% in adrenal weight in the two groups. Thus 
for autumn-winter the mean weight of 62 pairs of adrenals is 
31.63+.62 mg (o=4.96+.44); for spring-summer (25 pairs of 
adrenals), 28.84.89 mg (o=4.45+.63). Though correction to 
uniform body weight would still further reduce this variability (and 
these standard errors) it does not seem advisable to make this cor- 
rection for either the control or injected birds used in this study. 
At 10 days after hypophysectomy (anterior lobe only) the adrenals 
of 22 uninjected control pigeons (eating about 9 g food per bird per 
day) had a mean weight of 24.00+.88 mg (o = 4.12+.62). The 
effects on adrenal weight of insulin injection and of various degrees 
of underfeeding may be appraised by reference to the data just 
given and by the data of Table 1. 

The tabulated data show that adrenal enlargement is a very regu- 
lar response to single or repeated injections of insulin within a wide 
range of dosage. The increase in weight is sometimes small but 
that it is significant is attested by results of the cytological study. 
We have previously reported® briefly on the cytological criteria of 
cortical stimulation and a complete report is now in preparation. 
In column 6 of Table 1 the plus (+) signs indicate cortical stimu- 
lation and the minus (—) signs no stimulation. We emphasize the 

2 Poll, H., Med. Klin., 1925, 46, 1. 

3 Schenk, F., and Langecker, H., Hndocrin., 1935, 16, 305. 

4 Thatcher, H. S., J. Hap. Med., 1926, 48, 357. 

5 Riddle, O., Proc. Soc. Exp. Bion. AND Mep., 1923, 20, 244. 

6 Miller, R. A., and Riddle, O., Anat. Rec., 1939, 75, 103. 
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oF TABLE I. 
Effect of Various Doses of Insulin (Lilly) on Suprarenal Weight and Activity in 
Young (1.9 mo.) Carneau Pigeons. 


Adrenal 


Dosage 
aN Cytology 
No.of No.of Units : 

Test birds days perday Wt,mg Cortex Medulla Food given or eaten 
re 2 1 35.4 + — Fed 15 g/bird/day 
II See een) 1+ 47.6 ak He Ate 02% ™ » 

ELT: 1H 2 Dia 31.7 460) aa Fed 10 2 Be) ” 

iat A 37.3 ae es 
1H 8 27.2 + —— 
IV 5H 8 4t 45.7 aS + PY ANG) LOE es eae 
V al 9 6t 38.5 — —— he) 10 EM) 9 2) 
1 4 46.5 + 
i 8 41.8 a ae 
VEE 15 10 6t 31.2 —+) — ee) elon ears 

Miner 2 10 32.9 a" oe ah? 

VIII 3H 2 10 35.1 na ae a a? 
IX 2H 5 15 47.8 —+- + Hee wai ss Ree co was 
XX 2 1% hr 30 31.9 = == 7? 15 g 24 hr earlier 
Xie =A 10hr 30 33.1 + + De LO ee oe ia 

XII 7 1 30 37.8 + + ee Nan SYM Mes i ay 

XIII 8 2 30 39.6 + => »? 15 g/bird/day 

XIV 3 3 30 40.2 a + lo aime 22g Ae 

XO ad 4 60 68.2 + aad Ate no food 

Uninjected Controls. 
A 63 (Aut.-Win. ) 31.6 a —_ Ate about 35 g/bird/da 
B 25 (Spz.-Sum.) 28.8 — REIS HEL ASSGA§)) HI) a 
Ces: 30.7 — — Fed 9 g/bird/day 
D 26 31.0 — — Complete fast, 10 days 
E 22H* (Oper. 10 da 24.0 — — Ate about 9 g/bird/day 
F 20H tak ee Ps 23.8 — — Complete fast, 10 days 


*Hypophysectomized; anterior lobe only removed. 

+Protamine zinc insulin used here. 

¢The daily dose divided and given in two injections. 

§Three unstimulated weighed 33.5 mg; 2 stimulated weighed 42.7 mg. 
observation that the cytological changes in the cortex following 
insulin injection are entirely similar to those which follow the in- 
jection of a whole anterior lobe extract or an adrenotrophic fraction 
from pituitary tissue. 

Cytological evidences of medullary activity are represented simi- 
larly in column 7 of Table I. Adrenals of control birds, after fixa- 
tion in Champy and staining in anilin acid fuchsin and methyl green 
(our usual procedure), regularly show medullary cells which stain 
deep yellowish-green and are filled with closely packed chromaffin 
granules. A much smaller number of cells show only a light granu- 
lation and are blue-green in appearance. In some of the injected 
animals these lightly granulated medullary cells are more numer- 
ous and the heavily granulated cells relatively infrequent. It is 
also notable that the mitochondria are increased in number and the 
Golgi apparatus is hypertrophied, a condition which we believe 
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indicates increased medullary activity. Mitoses were also observed 
in the medullary cells following insulin. These are usually few in 
number, sometimes only one or two per section, but since we have 
never seen more than a total of one or two mitoses in hundreds of 
sections of adrenals from control animals this finding in insulin- 
treated animals is significant. Certainly, however, hyperplasia and 
hypertrophy are far less prominent in medullary cells than in cor- 
tical cells. 

It is well known that fasting increases the sensitivity of the animal 
to insulin, and our data suggest that the response of the adrenal to 
insulin may also be somewhat modified by the amount of food con- 
sumed (Tests V, VI). Six units daily, given in 2 doses of 3 units 
each, effectively enlarged the adrenals at 2, 4, and 8 days in pigeons 
fed only 10 g of food daily; another group similarly injected for 
10 days, but fed 20 g food per day, showed weight increase and 
cytological evidence of stimulation in only 2 birds of the group of 
5. Fasting in itself has no observable effect on the weight or cytology 
of the adrenal (Tests D, F). Similarly the adrenals of hypophy- 
sectomized pigeons are more sensitive to insulin than are those of 
normals; they respond to a lower dose (Tests III, V; IV, VI) and 
show greater enlargement when the dosage is uniform (VII, VIII). 

Discussion. Response of the adrenal to insulin has bearing on 
the question of the interpretation of the response of the adrenal to 
other agents. The work of others has shown that the mammalian 
adrenal reacts to toxic substances and various operative procedures 
by enlarging, one part of a syndrone which Selye has called the 
“alarm reaction.’’ On Selye’s view such adrenal enlargement is a 
secondary result of the action of the “alarming” stimulus upon the 
pituitary. He obtained no adrenal enlargement in hypophysecto- 
mized animals subjected to “alarming” stimuli." In our studies cor- 
tical enlargement and loss of chromaffin granules in the medulla, 
duplicate changes associated with the alarm syndrome. It is en- 
tirely certain, however, that following insulin these particular 
changes occur in pigeons deprived of their anterior pituitary gland 
with the same facility as in the intact animals. 

Our published* and unpublished data show that thyroxin and 
estrogens are effective in stimulating the adrenal in both normal 
and hypophysectomized pigeons. Insulin, however, stands apart 
from those 2 hormones in its marked ability to enlarge the adrenal, 
notably in the hypophysectomized pigeon. Since the adrenal is 


7 Selye, H., and Collip, J. B., Endocrinology, 1936, 20, 667. 
8 Miller, R. A., and Riddle, O., Proc. Soc. Exp. Bron. AND Merp., 1939, 41, 518. 
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clearly involved in carbohydrate metabolism it seems more than 
coincidence that this gland—particularly the cortex—responds 
especially well to injections of insulin. The present data, and also 
the observation that repeated injections of huge doses of insulin 
progressively lose their ability to depress the blood sugar and 
usually soon lead to a marked hyperglycemia, ° suggest that both 
cortical and medullary parts of the adrenal actively oppose the 
ability of insulin to decrease the blood sugar; and that this occurs 
in pigeons deprived of their anterior pituitary glands.® In a recent 
review of pituitary-adrenal cortex relationships Swann? concludes 
that in carbohydrate regulation the adrenal cortex is probably com- 
pletely dependent upon pituitary stimulation. The present results 
seem to provide an exception. 

Summary. In tests made on 41 normal young White Carneau 
pigeons daily injections of 1-60 units of insulin during 10 hours to 
10 days enlarged the adrenals, produced mitosis and cellular activity. 
These cytological effects were more pronounced in cortical cells than 
in medullary cells. Wholly comparable effects were produced in 
the adrenals of 16 additional birds previously deprived of their 
anterior pituitary glands. The cytological changes in the cortex 
following insulin are identical with those induced by adrenotrophic 
pituitary extracts. Food consumption of the test animals and of 
73 controls was regulated at different and definite levels. The rela- 
tion of these results to the alarm reaction and to the role of the 
adrenals in carbohydrate regulation is discussed. 
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Growth of the Lobule-Alveolar System of the Mammary Gland 
With Pregneninolone.*; 


Joun P. M1ixNerR AND CHARLES W. TURNER. 


From the Department of Dairy Husbandry, University of Missourt, Columbia, Mo. 


Turner and Frank! have shown that the growth of the lobule- 
alveolar system of the mammary gland which normally occurs dur- 


9 Riddle, O., and Opdyke, D. F., unpublished data, 
10. Swann, H. G., Physiol. Rev., 1940, 20, 493. 
* Contribution from the Department of Dairy Husbandry, Missouri Agricultural 
Experiment Station, Journal Series No. 759. 
+ This study has been aided in part by a grant of the International Cancer 
Research Foundation. 
1 Turner, C. W., and Frank, A. H., Missouri Agr. Exp. Sta. hes. Bul. 174, 1932. 
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ing the first half of pregnancy could be stimulated experimentally 
in castrate animals by the simultaneous injection of estrogen and 
progestin. Selye? reported that the administration of progesterone 
to spayed female rats, not pretreated with estrin, at the rate of 15 
mg per day for 15 days caused a development of the mammary 
lobule system similar to that seen in late pregnancy. It has been 
shown that the action of the ovarian hormones upon the growth of 
the mammary gland is mediated by the AP for these hormones are 
ineffective in the hypophysectomized animal* and the AP of preg- 
nant animals contains a factor which will stimulate lobule-alveolar 
growth.* 

Recently the writers’ have developed a technic for the assay of 
the mammogenic lobule-alveolar growth factor in pituitary ma- 
terials, which technic may also be used to assay progesterone and 
progesterone-like substances that stimulate the secretion of the 
mammogenic factor by the AP of the assay animal. The ovariec- 
tomized virgin female mouse is used as the assay animal, and a 
minimal development of the lobule-alveolar system of the mammary 
gland is required for a positive response. A mouse unit of the 
lobule-alveolar growth promoting substance according to this assay 
is defined as the total amount of material required per mouse, in- 
jected subcutaneously daily over a period of 10 days, to obtain 
definite lobule-alveolar development in 50+10% of 10 or more 
castrate, nulliparous, female mice weighing between 12 and 18 g. 
By this assay method 1 mg of progesterone (plus 133 i. u. of es- 
trone) gave 60% positive responses in 10 mice. 

A new synthetic hormone, pregneninolone (see 6 for references) 
known also as anhydro-hydroxy-progesterone and ethinyl testo- 
sterone, has been reported as having estrogenic, androgenic, and 
progestational properties,’ the latter property being most marked 
and as also being orally active. The assay technic described above 
was used to study the ability of pregneninolone? to stimulate mam- 
mary lobule-alveolar growth, As pregneninolone is reported to have 
both estrogenic and progestin-like properties it was thought that it 
might not need estrogen as an accompanying hormone for mammary 


2 Selye, H., Proc. Soc. Exp. Brot. AND Mup., 1940, 48, 343. 

3 Gomez, EK. T., and Turner, C. W., Missouri Agr. Exp. Sta. Res. Bul. 259, 1937. 
4 Mixner, J. P., Lewis, A. A., and Turner, C. W., Endocrinology, 1940, 28, 888. 
5 Mixner, J. P., and Turner, C. W., Endocrinology, in press. 

6 Salmon, U. J., and Geist, S. H., Proc. Soc. Exp. Bro. AND MeEp., 1940, 45, 522, 
7 Emmens, C. W., and Parkes, A. S., J. Endocrinology, 1939, 1, 332. 

{ Pregneninolone was kindly supplied by Dr. E. Schwenk, Schering Corporation. 
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TABLE I. 
Lobule-Alveolar Responses of Castrate Female Mice to Pregneninolone Injected 
Subecutaneously for 10 Days. 


Responses 
Dosage in mg ——EE 
No. of mice (total) Positive Negative % positive 
16 20-12.5 16 0 100 
12 10.0 5 7 42 
8 15 2 6 25 
10 5.0-2.5 0 10 0 


lobule growth. Table I presents the results secured with preg- 
neninolone alone in promoting mammary lobule-alveolar growth. 

In all injection groups propylene glycol was used as the carrier 
for the pregneninolone. In almost every case .2 cc per day of the 
propylene glycol with the pregneninolone was injected. From the 
table it may be seen that 10 mg of pregneninolone gave approxi- 
mately a 50% response. 

In another group of experiments (Table II), the effect of inject- 
ing a constant amount of an estrogen (estrone) with the preg- 
neninolone was studied. It may be seen from a comparison of 
Tables I and II that approximately 1/5 as much pregneninolone is 
required to secure a 50% response when estrogen is administered 
simultaneously with the pregneninolone. Also 2.0 mg of preg- 
neninolone (with estrone) gave 58.3% positive responses while 
1.0 mg of progesterone (with estrone) as mentioned before gave 
60% positive responses. Thus pregneninolone would seem to 
possess one-half the activity of progesterone in stimulating mam- 
mary lobule-alveolar growth when administered with a basic estro- 
gen injection, and the activity of pregneninolone in stimulating mam- 
mary lobule-growth is enhanced 5 times by the simultaneous injec- 
tion of estrogen. It is suggested that the enhancement of the growth 
effect is due in part to the hyperemia of genital tissues including 
mammary gland stroma by the estrogen. thus increasing the amount 

TABLE II. 


Lobule-Alveolar Responses of Castrate Female Mice to Pregneninolone Injected 
Subcutaneously with Estrone for 10 Days. 


Estrone 
Pregneninolone dosage Results 
dosage in mg in i.u. r — 
No. of mice (total) (total) Positive Negative % positive 
12 10.0-5.0 133 12 0 100 
10 2.5 133 2) i! 90 
14 2.0 133 7 5 58 
12 1.5 133 3 9 25 
12 1.0 133 1 11 8 
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of blood and mammogenic lobule-alveolar growth hormone avail- 
able to the growing gland tissue. 

Summary. Pregneninolone alone and injected subcutaneously 
with estrone into castrate virgin female mice caused the develop- 
ment of the lobule-alveolar system of their mammary glands, having 
a property similar to progesterone in this respect. The injection of 
estrone with the pregneninolone enhanced this activity of the preg- 
neninolone by five times. Pregneninolone has one-half the activity 
of progesterone in stimulating mammary lobule-alveolar growth 
when both are injected with estrone. 
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Note Concerning the Mechanism of Increased Capillary 
Permeability in Inflammation. 


VaLty MENKIN 
From the Department of Pathology, Harvard University Medical School.* 


The writer has demonstrated the presence and isolated a crystal- 
line nitrogenous substance in inflammatory exudates which offers 
a reasonable explanation for the mechanism of both increased capil- 
lary permeability and migration of polymorphonuclear leukocytes 
at the site of inflammation.'? This substance, termed leukotaxine, 
seems to belong to the group of relatively simple polypeptides. The 
possibility, however, of an additional prosthetic group is not yet pre- 
cluded by the available data. Further studies on its chemical nature, 
including molecular weight, amino nitrogen content before and 
after hydrolysis, indole nucleus or perhaps tryptophane concentra- 
tion, and a simpler method of purification will all form the subject 
of a separate future report. 

Leukotaxine has been shown to have none of the physiological or 
chemical properties of histamine thus rendering difficult to accept 
the view that the latter plays a primary réle in the mechanism of 
increased capillary permeability in inflammation.2*> The various 


* Aided by grants from the International Cancer Foundation and the Dazian 
Foundation for Medical Research. 

1 Menkin, V., J. Hap. Med., 1936, 64, 485. 

2 Menkin, V., J. Hap. Med., 1938, 67, 129, 145. 

3 Menkin, V., Proc. Soc. Exp. Bron. anD Mzp., 1939, 40, 103. 

4 Menkin, V., Physiol. Rev., 1938, 18, 366. 

5 Menkin, V., Dynamics of Injfiammation, 1940, Macmillan Co., New York. 
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reasons and tests for arriving at this conclusion have been enu- 
merated at length in previous reports and will therefore not be re- 
iterated chere# > 

Rocha e Silva and Dragstedt have again recently raised the issue 
by re-asserting the original view of Bier and Rocha e Silva that 
histamine seems to be the principal factor involved.** The type of 
argumentation employed is unconvincing and the data brought for- 
ward in support of their view fails to substantiate the claim of these 
investigators.‘ Their findings of histamine in various tissue ex- 
tracts, the content of which is more or less paralleled with the ca- 
pacity for trypan blue to accumulate in cutaneous areas treated with 
these extracts merely indicates that histamine is liberated alongside 
with countless other substances by grinding various tissues in saline. 
The fact that leukotaxine is also presumably formed by injuring 
normal tissue in the procedure of extraction is wholly ignored. As the 
writer has frequently pointed out, Bier, Rocha e Silva and Dragstedt 
consistently have abstained from isolating leukotaxine from exu- 
dates and thus have failed to repeat his studies.*° These authors 
have merely worked with either untreated exudates or unpurified 
extracts. By this means they have been able to demonstrate the 
presence of histamine in their material. The writer, on the other 
hand, has clearly shown that the effect of the whole exudate can be 
completely duplicated by the nitrogenous substance, leukotaxine, re- 
covered in turn from exudates. Minami and Inugami have recently 
confirmed the studies of the writer on the isolation of leukotaxine 
from inflammatory exudates.* Leukotaxine has now definitely 
been admitted by Bier not to be histamine.® The subsequent claim 
advanced, namely that leukotaxine releases histamine which in turn 
is responsible for the increased capillary permeability has not been 
substantiated. In the first place the writer has demonstrated that 
leukotaxine directly increases cellular permeability in Arbacia ova 
whereas histamine fails to do so.*° In the second place, Rocha e 
Silva has been unable to demonstrate that kallikrein, which induces 
the cutaneous accumulation of trypan blue can liberate histamine.* 
The original type of argumentation employed by these investigators 


6 Bier, O., and Rocha e Silva, M., Arqu. d. Inst. Biol., 1938, 9, 109. 
7 Rocha e Silva, M., and Dragstedt, C. A., Proc. Soc. Exp. Biov. anpD Mrp., 
1941, 46, 303. 
8 Minami, G., and Inugami, K., Transact. Soc. Path. Japonicae, 1940, 30, 389. 
9 Bier, O., and Rocha e Silva, M., Proc. Third Internat. Congress for Micro- 
biology, 1939, published 1940, 767. 
10 Menkin, V., Proc. Soc. Exp. Bron. AND Mxp., 1940, 44, 588. 
11 Rocha e Silva, M., Nature, 1940, 145, 591. 


458 CAPILLARY PERMEABILITY IN INFLAMMATION 


on the basis of these new findings can, therefore, be now reversed. 
One might just as well assert that histamine acting as any other 
irritant in optimum concentration releases leukotaxine, which in 
turn is responsible for increased capillary permeability. Finally, it 
is interesting to note that Rocha e Silva and Dragstedt cite the 
studies of Duthie and Chain in an endeavor to explain in their ex- 
periments the discrepancy occasionally encountered between the 
positive trypan blue test and the histamine equivalent. Duthie and 
‘hain have confirmed the earlier studies of the writer by showing 
that protein degradation products obtained by enzymatic hydrolysis 
yield biological effects similar to leukotaxine.** ** Since leuko- 
taxine seems precisely to be such a by-product of protein catabolism, 
the fact that a positive trypan blue test has been elicited from pro- 
tein breakdown products obtained by enzymatic hydrolysis is not in 
the least surprising. The facts merely indicate that the argument 
advanced on the basis of Duthie and Chain’s work in no way sup- 
ports a non-specific interpretation for the positive trypan blue test 
whenever the desired histamine equivalent in the material studied 
is absent. 

The present series of experiments were devised in order to deter- 
mine whether leukotaxine or histamine is the essential constituent 
which imparts to the whole exudate the property of inducing in 
rabbits a positive cutaneous trypan blue test. Leukotaxine or the 
permeability factor diffuses through a cellophane membrane by 
dialyzing the whole exudate against distilled water. Whatever 
histamine is present in exudates presumably also diffuses outward 
by such procedure. Exudates were therefore dialyzed for about 18 
to 20 hours against distilled water. The cellophane bag during 
dialysis was continuously rotated by having it attached to a stirring 
apparatus. The protein material which remained behind in the 
cellophane tube was found, when introduced into the skin of a 
rabbit, incapable of inducing the characteristic pattern of accumu- 
lation of trypan blue from the circulation. This is in complete 
agreement with earlier studies.’ To this inactive residual fraction 
of the dialyzed exudate, leukotaxine is now added in concentration 
ranging from 1 to 3 mg. The mixture is then injected into the 
skin of a rabbit. The dye accumulates rapidly from the blood 
stream in such cutaneous areas. The pattern is in general no differ- 
ent from that elicited by the undialyzed exudate. Thus, by the 
addition of leukotaxine, the capacity of the dialyzed residual exu- 

12 Duthie, E. S., and Chain, E., Brit. J. Exp. Path., 1939, 20, 417. 

13 Menkin, V., J. Hap. Med., 1938, 67, 153. 
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dative material to induce an increased capillary permeability has 
been fully restored. When the same procedure is repeated with 
histamine dihydrochloride in concentrations of 1:20,000 to 1 :50,000 
which, incidentally, according to Bier and Rocha e Silva,® are the 
concentrations of histamine recovered from exudates, the dye 
usually fails to accumulate homogeneously in the skin as it does in 
the case of the original exudate or of leukotaxine. Thus, the exact 
effect on capillary permeability of the exudate is not restored. Hista- 
mine has failed to reconstitute the capacity of the exudate when 
added to the inactive residual exudate fraction obtained after di- 
alysis. This, however, is accomplished perfectly well by leuko- 
taxine or even by the dried diffusate fraction from the dialyzed 
exudate. The observations are conveniently assembled in Table I. 

Conclusions. An inflammatory exudate readily induces an in- 
creased capillary permeability as evidenced by the rapid accumula- 
tion of trypan blue from the circulation into cutaneous areas treated 
with the exudative material. Dialysis of the exudate allows the out- 
ward diffusion of leukotaxine. The indiffusible residual material 
remaining after dialysis of the exudate is essentially incapable of 
increasing capillary permeability with the characteristic homogeneous 
pattern. The exact original effect of the exudate, however, can be 
readily reconstituted by merely adding leukotaxine to the indiffusible 
fraction of the dialyzed exudate. This cannot be obtained by adding 
histamine in the concentration in which the latter is recovered from 
exudates. These facts therefore add further support to previous 
observations that leukotaxine and not histamine is the primary factor 
concerned in the mechanism of increased capillary permeability in 
inflammation. 
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Effect of Posture on Circulating Blood Volume in a Case of 
Orthostatic Hypotension and Tachycardia. 


PuHILLip HALLOCK AND GERALD EVANS. 


From the Division of Internal Medicine, University of Minnesota Hospitals, 
Minneapolis, Minn. 


It has been shown’ that when an individual assumes the erect 
posture, a decrease in plasma volume follows. This has been ex- 
plained as due to the augmented hydrostatic pressure in the vascular 


PosTURAL HEMOCONCENTRATION 461 


bed of the lower part of the body, causing an increased capillary 
pressure and in turn an increased filtration of fluid from the blood 
stream. In individuals with orthostatic hypotension and tachy- 
cardia, it has been suggested that the abnormal drop of arterial 
blood pressure and the increase in pulse rate which occur upon 
standing result from a much greater amount of pooled blood in the 
lower part of the body as compared to that which occurs in normal 
subjects.* This theory for the most part has been based on experi- 
ments in which blood pressure and pulse rate readings were made 
in patients with orthostatic hypotension and tachycardia in the re- 
cumbent and erect positions. Thus, it was demonstrated that when 
tourniquets were applied to the proximal portion of the thighs and 
these patients were then placed in the upright position, the arterial 
blood pressure was maintained at a much higher level than without 
them. 

This explanation has been brought into doubt recently by Stead 
and Ebert*® who have shown that patients with orthostatic hypoten- 
sion do not pool more blood in the lower extremities on standing 
than do normal subjects under similar conditions and that the 
fundamental disturbance is the loss of reflex vasoconstriction in 
response to the fall of blood pressure. Their conclusions were 
drawn from studies in which the quantities of blood contained in 
the legs in the recumbent and standing positions were measured in 
normal subjects and in subjects with orthostatic hypotension. 

MacLean and Allen* have suggested that the defect in ortho- 
static hypotension and tachycardia was probably not a fault in the 
mechanism which produces reflex vasoconstriction of the arterioles 
but rather a defect in the maintenance of an adequate return of 
venous blood to the heart as evidenced by the Flack test.* 

Regardless of the explanation offered, it was thought to be of 
value to determine in a case of orthostatic hypotension and tachy- 
cardia the extent to which the blood volume diminished upon stand- 
ing and to compare this to similar observations upon normal subjects. 


1 (a) Thompson, W. A., Thompson, P. K., and Dailey, M. E., J. Clin. Invest., 
1928, 5, 573; (b) Waterfield, R. L., J. Physiol., 1931, 72, 110; (¢) Keys, A., and 
Butt, H. R., Arch. Int. Med., 1939, 63, 165; (d) Turner, A. H., Newton, M. I., and 
Haynes, F. W., Am. J. Physiol., 1930, 94, 507. 

2 (a) Bradbury, S., and Eggleston, C., Am. Heart J., 1925, 1, 73; (b) Allen, 
E. V., and Magee, H. R., Med. Clin. N. Amer., 1934, 18, 585; (c) Ellis, L. B., and 
Haynes, F. W., Arch. Int. Med., 1936, 58, 773. 

3 Stead, E. A., Jr., and Ebert, R. V., Arch. Int. Med., 1941, 67, 546. 

4 MacLean, A. R., and Allen, HE. V., J. Am. Med. Assn., 1940, 115, 2162. 

5 Flack, Martin, Brit. Med. J., 1923, 2, 921. 
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Experiments. Two normal subjects and a subject with ortho- 
static hypotension and tachycardia were studied. They were kept 
in the recumbent position overnight and on the following morning 
while still in the recumbent position, their blood volume, hemato- 
crits, plasma proteins, and hemoglobins were determined. They 
were then placed in the upright position and kept standing motion- 
less for a period of 10 minutes. The blood studies were then re- 
peated at 5 and 10 minute intervals on standing. The plasma 
volume was estimated by the Gibson and Evans method® as adapted 
to the Evelyn photoelectric microcolorimeter’ and the value cor- 
rected for the loss of dye from the disappearance curve of the dye 
from the blood stream. The plasma proteins were estimated by the 
Barbour and Hamilton method. The hemoglobin concentration 
in grams per 100 cc was determined with the Evelyn photoelectric 
colorimeter? and the hematocrit percentage was determined with 
Wintrobe hematocrit tubes. 

Results. When 2 normal subjects were placed in the upright 
position, it will be noted (Table I) that slight hemoconcentration 
occurs as shown by the increase of hemoglobin, hematocrit, and 
plasma proteins and that these are in agreement with the decrease 
of 80 cc of plasma volume which occurred in each case. The plasma 
volume differences observed in these two normal subjects are small 
and are reported to show the contrast with the situation found in 
the pathological subject. These changes, however, are in excellent 
agreement with those found by Thompson and Thompson,™ and 
Waterfield’? in their studies on the effect of upright posture on 
changes in plasma volume in normal subjects. 

When the patient with orthostatic hypotension and tachycardia 
was placed in the upright posture, a remarkable exaggeration of 
the normal filtration process was observed (Table II). It should 
be stated that when this patient was tilted in the upright position, 
his blood pressure dropped very quickly to 50 mm of Hg. and his 
pulse rate rose to 150. Although he felt very weak and complained 
of blurring of vision, there was no loss of mental acuity and he was 
able to maintain himself in the upright position for 10 minutes 
without fainting. It will be noted that on standing for 10 minutes 
there was an absolute decrease of 576 cc (11%) in plasma volume 
from the resting value and a diminution of 650 cc, or 714%, of 
whole blood from the resting value. That this is not due to a mere 


6 Gibson, J. G., and Evans, W. A., Jr., J. Clin. Invest., 1937, 16, 301. 
7 Gibson, J. G., and Evelyn, K. A., J. Clin. Invest., 1938, 17, 153. 

8 Barbour and Hamilton, J. Biol. Chem., 1926, 69, 625. 

9 Evelyn, K. A., J. Biol. Chem., 1936, 115, 63. 
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TABLE I. 
Effect of Erect Position on Blood Volume, Hematocrit, Plasma Proteins and Hemoglobin in 
Two Normal Adults. 


Total 
Blood Pulse Hemoglo- Hemato- Plasma Plasma blood 
Position pressure rate  bin,g crit, % proteins,g  vol., ce vol., ce 
Case 1 
Recumbent 105/75 72 15.44 51.5 6.63 2,910 6,000 
After standing 100/75 80 15.89 52.0 SUG 2,830 5,900 
(10 min) (diff. 80) (diff. 100) 
Case 2 
Recumbent 135/79 64 14.57 45.0 8.34 2,480 4,510 
After standing 110/78 84 15.12 46.2 8.68 2,400 4,460 
(5 min) (diff. 80) (diff. 50) 


—<— 


pooling of the blood in the vascular bed of the lower part of the 
body but rather to an augmented filtration into the tissue spaces is 
supported by the significant rises in the hemoglobin concentration, 
plasma proteins, and hematocrit readings. In each instance, there 
is evidence of hemoconcentration; namely, an increase of 0.8 g 
(5%) in hemoglobin, increase of 6.5% in hematocrit, and an in- 
crease of 0.83 g (14%) in plasma proteins. Emphasis is laid upon 
the fact that in a general way the various measurements, each in- 
dicating hemoconcentration, are in agreement with each other. 

It may not be amiss to point out that the lower extremities are not 
necessarily the most important blood reservoirs for a pooling effect 
but that the splanchnic area is quantitatively very important and 
may be determining. 

Conclusion. Evidence is presented that abnormally great hemo- 
concentration occurs in the erect posture in a subject with ortho- 
static hypotension and tachycardia. The magnitude of the effect is 
great enough to permit the conclusion that abnormal filtration rates 
aggravate the circulatory embarrassment in this condition. 

TABLE II. 


Effect of Erect Position on Blood Volume, Hematocrit, Plasma Proteins, and Hemoglobin in 
Individual with Orthostatic Hypotension and Tachycardia. 


Total 

Blood Pulse Hemoglo- Hemato- Plasma Plasma blood 

Position pressure rate bin,g erit, % proteins,g  vol., ce vol., ce 

Recumbent 104/66 90 15.2 51.5 5.67 4,120 8,490 

Standing 50/2 150 16.0 54.8 6.5 3,544 7,840 
(10 min) (diff.576) (diff. 650) 

Two weeks later 
Recumbent 105/70 80 45, 4,280 7,782 
Standing 52/% 140 48.5 3,690 7,235 


(10 min) (diff. 590) (diff. 547) 
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Production of Cardiac Hypertrophy in Rats. 


GEORGE HERRMANN, GEORGE DECHERD AND PETER ERHARD. 


From the Department of Medicine, University of Texas School of Medicine, 
Galveston 


In this laboratory we have been interested for some years in the 
problem of the pathogenesis and production of myocardial hyper- 
trophy.t We have employed experimental aortic valvular lesions 
for this purpose, but this method has been unsatisfactory, not only 
because of individual differences in the response of the heart, but 
because the individual valvular lesions were inevitably quite dif- 
ferent in extent. We also needed a method which was applicable 
to large series of small animals. For these reasons we have investi- 
gated the effect of renal ischemia in the rat, employing several of 
the methods that have been described for impairing the renal blood 
supply. 

The results of our various studies are shown in Table I. We 
first employed the technic described by Collins,” and used also by 
Rytand,® in which the renal artery is tied over a wire of known 
gauge. For rats weighing from 150 to 200 g we used a wire of 
B. & S. gauge No. 26. A few of these animals showed enlarged 
hearts, but the results were neither striking nor consistent. We 
also attempted the use of the procedure introduced by Page* for 
ytelding a perinephritis by enveloping the kidney in a cellophane 
capsule. This, too, was unsuccessful in our rats, and in most in- 
stances the kidney with the cellophane covering seemed to act as a 
foreign body, and eroded its way into the stomach, leading shortly 
to the death of the animal. Deep Roentgen radiation over the kid- 
ney as described by Hartman’ was also employed in a smaller series 
of animals, but the hearts of none of these rats were hypertrophied. 
10,000 unit doses of Vitamin D* were injected intraperitoneally into 
each of another series of rats because of the report® that such a pro- 
cedure produced arteriosclerosis and hypertension. However, no 
cardiac hypertrophy resulted. 

The molded gauze-collodion method was attended with uniform 
success. This method was demonstrated to us by Dr. John Williams 


1 Herrmann, G., and Decherd, G. M., Ann. Int. Med., 1939, 18, 794. 
2 Collins, D. A., Am. J. Physiol., 1936, 116, 616. 

3 Rytand, D. A., J. Clin. Invest., 1938, 17, 391. 

4 Page, I. H., and Graef, I., Am. J. Path., 1939, 15, 623 (proc.). 

5 Hartman, F. W., ibid., 1939, 15, 623 (proc.). 

* Supplied by Upjohn Co. 

6 Ham, A. W., Arch. Path., 1940, 29, 731 (proce.). 
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of the Vanderbilt University Medical School. The left kidney, after 
being exposed and delivered through a posterior lumbar incision, 
was snugly wrapped with a single layer of ordinary surgical gauze. 
The gauze was then painted with U.S.P. collodion. As this dried 
another layer of collodion was applied, so that a firm molded capsule 
about the kidney resulted. This was not allowed to press on the 
renal pedicle. About 4 to 7 days after this procedure, the right 
kidney was removed, again through a lumbar incision. The animals 
tolerated this procedure well, and in our experience virtually every 
one that survived the immediate operative mortality of about 20% 
showed a conspicuous cardiac hypertrophy. 

Table I shows the heart weight :body weight ratios, and the statis- 
tical constants derived from them, of each series of animals. In 
Table II there is a further analysis of the rats in whom renal ischemia 
was produced by the molded gauze-collodion capsule. We have as- 
sumed that hypertension resulted after the removal of the normal 
kidney. Rats sacrificed 10 days after the nephrectomy showed defi- 
nite cardiac hypertrophy. The data indicate that within 30 days 
probably the maximum hypertrophy is obtained, although there 
seems to be a slight tendency towards a further increase up to about 
the 50th day. 

Summary. The production of renal ischemia by molded gauze- 
collodion capsules, as demonstrated to us by Dr. John Williams, 
appears to be the most satisfactory method of producing cardiac 
hypertrophy in rats. 


TABLE I. 
Heart Weight : Body Weight Ratios of Rats with Various Types of Renal Ischemia. 
No. of HW/BW Stand. 
animals mean P.E.mean Dev. Diff. + P.E. Diff. 
Normali 3.37 .06 52 
Renal artery constricted 25 3.81 09 .67 + 44+ .11 
X-ray 14 3.15 .08 45 — .22 .10 
Cellophane 50 3.68 .08 88 + .31  .10 
Vitamin D 150 3.14 05 95 — .23  .08 
Gauze-Collodion 54 5.99 13 1.37 +2.62 14 
TABLE II. 
Percent Hypertrophy of Rat Hearts by Gauze-Collodion Method. 
Time after No. of Range of Avg 
nephrectomy animals hypertrophy, % hypertrophy, % 
10-19 days ila! 29- 67 46 
20-29 7’ 6 23-106 62 
30:39 ae 7 61-119 82 
40-49 ”’ 10 53-137 92 
50-59 7? 4 42-155 90 


60-69 ”’ 15 23-130 69 
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Reduction of p-Nitrobenzenesulfonamide and of Azobenzene- 
4.4’-disulfonamide by Animal Tissues.* 


Laura M. FLYNN AND Marutas F. F. Koui. (Introduced by 
PLAY Shatter.) 


From the Departments of Biochemistry and Pharmacology, School of Medicine, 
Washington University, St. Louis, Mo. 


The fate in the animal body of p-nitrobenzenesulfonamide, the 
nitro-compound corresponding to sulfanilamide, is of interest be- 
cause of the sensitivity of microdrganisms to this substance. Mayer 
and Oechslin' found it to have high antistreptococcal activity in vivo, 
and recently Burton, McLeod, McLeod and Mayr-Harting” have 
reported marked sensitivity of organisms of the Neisseria, Bacterium 
and Clostridium groups to it in vitro. The question arises whether 
the nitro-compound is effective as such or in consequence of its 
reduction to sulfanilamide or intermediate products. 

As a contribution to this question we have studied the reduction 
of p-nitrobenzenesulfonamide im vitro by rat liver, and the extent of 
its reduction im vivo by normal rats. The reduction of azobenzene- 
4,4’-disulfonamide, an oxidation product of sulfanilamide, has also 
been investigated. 

In vitro experiments. Fresh liver was ground with sand and water 
and squeezed through cheese cloth. To this suspension was added 
an equal volume of M/10 PO, buffer, pH 7.5, in which p-nitroben- 
zenesulfonamide had been dissolved. Each 5 cc of the liver sus- 
pension, as incubated, contained 2.5 mg of p-nitrobenzene sulfona- 
mide and represented 1.25 g of liver. Two drops of toluene were 
added as a preservative. Aerobic incubation at 37.5°C was carried 
out in 25 cc Erlenmeyer flasks with cotton stoppers. Anaerobic in- 
cubation was carried out in Thunberg tubes immersed in a water 
bath at 37.5°C after evacuation with a Cenco Hyvac pump. Separate 
samples were used for analyses at various time intervals. Proteins 
were precipitated with 10% trichloracetic acid and the amounts of 


* This investigation was aided by a grant to Professor P. A. Shaffer from the 
Rockefeller Foundation. We are indebted to the Abbott Laboratories for the 
p-nitrobenzenesulfonamide and to our colleague Mr. Louis Berger for the azo- 
benzene-4,4/-disulfonamide. 

1 Mayer, R. L., and Occhslin, C., Compt. Rend., 1937, 205, 181. 


* Burton, H., McLeod, J. W., McLeod, T. S., and Mayr-Harting, PM TEiin Oi 
Exp. Path., 1940, 21, 288. 
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TABLE I. 
Reduction of p-Nitrobenzenesulfonamide to Diazotizable Compounds by Liver 
Suspension. 


% reduction 


= 7 
Aerobic Anaerobie 
Exp. ie — ‘ ——, 
No. 2 hr 4hr 6 hr 8 hr 2 hr 4hr 6 hr 8 hr 
1 30.1 35.0 43.7 ouled 
2 10.2 lye TBA 23.0 
3 21.2 27.6 28.5 2259 32.4 42.8 


diazotizable material in the filtrates were determined by Marshall's 
method.* 

Reduction of p-nitrobenzenesulfonamide by rat liver brei proceeds 
rapidly as shown in Table I. Aerobic reduction was somewhat 
slower than reduction in the absence of air by the same liver brei. 
The rate and extent of reduction varied in different experiments 
but as much as one-fifth (0.4 mg per g of liver) was reduced in 2 
hours, and up to one-half (1.0 mg per g) in 8 hours’ incubation. 

In vivo experiments. The p-nitrobenzenesulfonamide, suspended 
in 5% acacia, was administered by stomach tube to normal rats 
weighing about 300 g. The animals were in individual cages and 
the urine was collected under toluene. Urine samples collected at 
intervals were analyzed for free and conjugated amine by Marshall’s 
method.* Urine samples were analyzed for total amine after reduc- 
tion with zinc and hydrochloric acid. This determination includes 
unchanged p-nitrobenzenesulfonamide and possible intermediates 
such as nitroso-, hydroxylamino-, hydrazo-, azoxy-, or azo-com- 
pounds in the urine. To 10 ce of diluted urine were added 2 cc of 
4N- HCl and 200 mg of granulated zinc. The sample was heated 
in boiling water until the zinc had dissolved. This required over 
an hour ; more acid was added if necessary. After adjusting the pH 
to 1 or 2, the sample was brought back to volume and analyzed by 
Marshall’s method. Similar treatment of known amounts of p-nitro- 
benzenesulfonamide gave from 94 to 104% of the theoretical yield 
of sulfanilamide. Corrections were made for the small amount of 
diazotizable material present in the urine of normal rats, about 0.1 
mg per day, calculated as sulfanilamide. 

Data from typical experiments are shown in Table II. From 
82% to 83% of the nitrobenzenesulfonamide administered was 
recovered in the urine in 3 days, most of the excretion occur- 
ring during the first day. Of the total amount recovered 10% 


3 Bratton, A. C., and Marshall, E. K., Jr., J. Biol. Chem., 1939, 128, 537. 
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was free amine, 74% to 85% was conjugated amine, and 16% to 
5% was excreted in a state of oxidation above the amine. In con- 
trast to these results with p-nitrobenzenesulfonamide, the excretion 
of the conjugated amine by rats after sulfanilamide dosage is com- 
paratively low. Marshall found the average 8-hour urinary excre- 
tion of sulfanilamide by rats to be 48.6% of the oral dose. Only 
25% of the excreted sulfanilamide was conjugated.* It seems very 
possible that when nitrobenzenesulfonamide is administered con- 
jugation occurs before reduction has reached the stage of the free 
amine. It is of interest to note that acetylsulfanilamide, once formed, 
is deacetylated to only a small extent.** 

It seemed of interest to compare the im vivo reduction of an azo- 
compound with that of the nitro-compound. Crystalline azobenzene- 
4,4’-disulfonamide was prepared in this laboratory by Mr. Louis 
Berger by oxidation of sulfanilamide with molybdicyanide. Because 
of the very low solubility of the azo-compound in water, doses were 
given as a fine aqueous suspension, injected subcutaneously. 

Data from a typical experiment are given in Table III. 


TABLE II. 
Reduction of p-Nitrobenzenesulfonamide to Diazotizable Compounds by Rats. 


Distribution of 
compounds recovered 
Vag }.201, 5 ae ae eee Ol aa eet 


Not re- 
Total Total duced to 
amine amine Conju- amine in 
Free after after Free gated animal 
Dose,* % of dose amine, hydrolysis, reduction, amine, amine, body, 
mg recovered Days mg mg mg % o % 
20 81.7 1 985 8.26 10.15 
2 .353 2.93 3.14 
3 .054 0.48 0.62 
1.392 11.67 13.91 10.0 73.9 16.1 
10 82.5 i 60 5.03 5.25 
2 suit 1.4 1.5 
3 OL 0.25 0.28 
72 6.68 7.03 10.2 84.8 5.0 


* 10 mg of nitro-compound equivalent to 8.516 mg of amine. 


4 Marshall, E. K., Jr., and Cutting, W. C., Bull. Johns Hopkins Hosp., 1938, 
63, 328. 


5 Marshall, E. K., Jr., Cutting, W. C., and Emerson, K., Jr., J. Am. Med. Asen., 
1938, 110, 252. 

6 Ockerblad, N. F., and Carlson, H. E., J. Urol., 1939, 41, 801. 

7 Allen, J. G., New Eng. J. Med., 1940, 222, 1029. 


8 Kohl, M. F. F., and Flynn, L. M., Proc. Soc. Exp. Bion. axp Mep., 1940, 
44, 455. 
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: TABLE III. 
Reduction of Azobenzene-4,4/-disulfonamide to Diazotizable Compounds by Rats. 
——CeRjUNjaoeleleleleleeeeeeeeeeTeEeEeTETeeeeeeeeeeeeeeeeeee 


Distribution of 
compounds recovered 


a So aN 
Not re- 
Total Total duced to 
amine amine Conju- amine in 
Free after after Free gated animal 
Dose,* % of dose amine, hydrolysis, reduction, amine, amine, body, 
mg recovered Days mg mg mg % % % 
10 14.5 a .065 155 .282 
2 020 .035 104 
3 .095 .093 238 
4 110 142 260 
5 020 -020 147 
6 .110 125 440 
.420 570 1.471 28.5 10.2 61.3 


* 10 mg of azobenzene-4,4’-disulfonamide equivalent to 10.12 mg sulfanilamide. 


Only 14% of the azobenzene-4,4’-disulfonamide injected had been 
recovered when urine collections were discontinued at the end of 6 
days. Probably the slow excretion paralleled slow absorption from 
subcutaneous tissues. Of the total amount recovered 29% was 
free amine, 10% conjugated amine and 61% was excreted in a state 
of oxidation above the amine. 

Summary. p-Nitrobenzenesulfonamide is rapidly reduced by rat 
liver suspensions. After oral administration p-nitrobenzenesulfona- 
mide is rapidly reduced by rats; a high percentage of the dose 1s 
excreted in the reduced form, and the extent of conjugation of the 
reduced form is large. A small amount of the drug is excreted in 
a state of oxidation above that of the amine. Azobenzene-4,4’- 
disulfonamide administered subcutaneously to rats is excreted slowly, 
reduced to only a small extent and conjugated to only a low degree. 
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Reduction of Isomeric Nitrobenzoic Acids by Rats.* 


Marutas F. F. Kourt anp Laura M. Fiynn. (Introduced by 
Carl F. Goris) 


From the Departments of Pharmacology and Biochemistry, School of Medicine, 
Washington University, St. Lowis, Mo. 


Mayer and Oechslin' demonstrated that p-nitrobenzoic acid has a 
bacteriostatic effect upon pneumococci. p-Aminobenzoic acid, the 
reduction product of the nitro-compound, has been shown by 
Woods,” Selbie,? Rubbo and Gillespie,* Janeway,” and others to 
inhibit the bacteriostatic effect of sulfanilamide. It is of interest that 
Miller found in experiments with Streptococcus viridans that 
p-aminobenzoic acid also inhibits the bacteriostatic effect of p-nitro- 
benzoic acid.6 Sherwin and Hynes‘ investigated the metabolism 
of the isomeric nitrobenzaldehydes in man, dog and rabbit, and 
recovered crystalline compounds from the urine. They concluded 
that the aldehydes were oxidized to the corresponding acids but 
found no reduction of the nitro- group. 

We have studied the reduction of the isomeric nitrobenzoic acids 
im vitro by liver and kidney tissues. We have also investigated the 
reduction of these compounds im vivo by rats after oral or intra- 
peritoneal administration. 

In Vitro Experiments. Preparation and incubation of tissue 
suspensions were carried out as in previous experiments on the re- 
duction of p-nitrobenzenesulfonamide.* Solutions of the isomeric 
nitrobenzoic acids were neutralized with NaOH. Each 10 cc of 
brei, corresponding to 2.5 g of tissue, contained 2 mg or 5 mg of 
substrate and M/10 PO, buffer, pH 7.5. Aliquot portions of the 
suspension were removed at intervals during the incubation period 
for analysis. Proteins were precipitated with 10% trichloracetic 


* This investigation was aided by a grant to Professor P. A. Shaffer from the 
Rockefeller Foundation. 

1 Mayer, R. L., and Oechslin, C., Arch. intern. pharmacodynamie, 1939, 62, 211. 

2 Woods, D. D., Brit. J. Exp. Path., 1940, 21, 74. 

3 Selbie, F. R., Brit. J. Exp. Path., 1940, 21, 90. 

4 Rubbo, S. D., and Gillespie, J. M., Natwre, 1940, 146, 838. 

5 Janeway, C. A., J. Am. Med. Assn., 1941, 116, 941. 

6 Miller, J. K., J. Pharm. and Exp. Ther., 1941, 71, 14. 

7 Sherwin, C. P., and Hynes, W. A., J. Biol. Chem., 1921, 47, 297. 

8 Flynn, L. M., and Kohl, M. F. F., Proc. Soc. Exp. Bion. anp Mep., 1941, 
47, 466. 
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acid and the amounts of diazotizable material in the filtrates were 
determined by the use of the Marshall sulfanilamide test reagents.° 
The ortho-isomer coupled so slowly that readings for this compound 
were made three hours after addition of the reagents. Full color 
development required an hour with the meta-isomer. Colorimetric 
readings could be made fifteen minutes after addition of the reagents 
to the para-isomer. 

Results of typical tissue experiments are shown in Table I. The 
reduction of ortho-nitrobenzoic acid to diazotizable, free amino- 
compound is accomplished to only a small extent by tissue suspen- 
sions. Meta- and para-nitrobenzoic acids are reduced readily to 
diazotizable compounds by suspensions of rat or mouse livers and 
by rat kidney. 

In Vivo Experiments. The isomeric nitrobenzoic acids were ad- 
ministered orally or intraperitoneally as aqueous solutions, neutra- 
lized with NaOH, to rats that weighed about 300 g. The animals 
were kept in individual cages, and the urine was collected under 
toluene. Urine samples collected at intervals were analyzed for free 
and conjugated amine, by the use of Marshall’s reagents, as described 
earlier in this paper. Urine samples were analyzed for total amino- 
compounds after reduction with zinc and hydrochloric acid by meth- 
ods previously described.* This determination included unchanged 
nitro-compound and possible intermediate reduction products. Simi- 
lar treatment of known amounts of the isomeric nitrobenzoic acids 
gave the following yields of diazotizable compounds : o-nitrobenzoic 
acid, 50% to 70% of the theoretical yield; m-nitrobenzoic acid, 84% 
theoretical; p-nitrobenzoic acid, 94% to 102% theoretical. In all 


TABLE I. 
Reduction of Isomeric Nitrobenzoic Acids to Diazotizable Compounds by Tissue 
Suspensions. 
Substrate 
concentra- % substrate changed 
Exp. Isomer tion r = 
No. tested mg% Tissue conn 4s hr ee Oubit 7 hires br 
1 Ortho 50 Rat liver 0.65 0.97 to aes 
2 id 20 Mouse liver 0.86 2.83 2.83 
1 Meta 50 Rat liver 4.8 12.4 30.3 
2 Gi 20 Mouse liver 7.0 12.2 23.5 
3 é 20 Rat kidney 5.2 12.0 20.4 
ge Para 50 Rat liver 9.1 14.7 28.2 
2 Ae 20 Mouse liver DOD 1S 023.2 
4 Me 50 Rat kidney 3.0 10.6 


9 Bratton, A. C., and Marshall, E. K., Jr., J. Biol. Chem., 1939, 128, 537. 
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experiments corrections were made for the small amount of diazo- 
tizable material excreted in the urine of normal rats. 

Data from typical experiments are shown in Table IH. Per- 
centages of injected or ingested drugs recovered in the urine were 
as follows: ortho-isomer, 72% ; meta-isomer, 63% ; para-isomer, 
89-94%. Excretion of the para-isomer was complete in 48 to 72 
hours. Small traces of the ortho- and meta-compounds were still 
present in the urine after 96 hours. 88% of the total ortho-com- 
pound recovered was excreted in the first 24 hours; 80% was ex- 
creted within 8 hours. 21% of the recovered ortho-compound was ex- 
creted as free amine; amounts of conjugated amine and higher 
oxidation products could not be determined without altering the 
method used. 849% of the total meta-compound recovered was 
excreted in the first 24 hours; 80% was excreted within 8 hours. 
Of the total amount of meta-isomer recovered 8% was free amine, 
22% was conjugated amine, and 70% was excreted in a state of 
oxidation above the amine. With the para-compound 94% of the 
amount recovered was excreted during the first 24 hours; 80% was 
excreted within the first 8 hours. Of the total amount of the para- 
isomer recovered 2.5% to 4% was free amine, 11% to 20% was 
conjugated amine, and 76% to 87% was excreted in a state of 
oxidation above the amine. 

The excretion by the rats of 76% to 87% of the p-nitrobenzoic 
acid in a state of oxidation above the amine is in decided contrast to 
our results in similar tests with p-nitrobenzenesulfonamide. Only 


; TABLE II. 
Reduction of Isomeric Nitrobenzoic Acids to Diazotizable Compounds by Rats. 


Distribution of 
compounds recovered 
a> ens ae aan 


Not re- 

Total Total duced to 

amine amine Conju- aminein 

% of dose Free after after Free gated animal 

Dose,* TeCov- amine, hydrolysis, reduction, amine, amine, body, 
Isomer mg Route ered mg mg mg % lo % 
Ortho 20  Intra- 
peritoneal 72.1t 2.45 11.84 20.6 

Meta 20 47 62.6 0.83 3.07 10.27 8.1 21.8 70.1 
Para 20 a 89.4 0.58 3.51 14.67 3.9 20.0 76.1 
22 20 += Oral 93.4 0.39 2.06 15.33 2.5 10.9 86.6 
a 20 a8 94.0 0.39 3.52 15.43 2.5 20.3 77.2 


*20 mg nitrobenzoic acid is equivalent to 16.41 mg of aminobenzoie acid. 
tThe formation of the undiazotizable anhydride, anthranil, during the heating of o-amino- 
benzoic acid at an acid pH makes these values too low. 
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5% to 16% of the p-nitrobenzenesulfonamide is excreted in a state 
of oxidation above the amine.® 

Conclusions. p-Nitrobenzoic and m-nitrobenzoic acids are readily 
reduced to amino-compounds by tissue suspensions. o-Nitrobenzoic 
acid, in contrast, is reduced to only a small extent by tissue suspen- 
sions. 

When p-nitrobenzoic acid or m-nitrobenzoic acid is administered 
to rats only a small fraction of the dose is excreted in the urine in 
the reduced form, the remainder is present in a state of oxidation 
above the amine. The reduced fraction is conjugated to a high 
degree. o-Nitrobenzoic acid is also reduced by rats; an appreciable 
amount of free amine is recoverable from the urine. 
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Occurrence of Hydrogenase in Nitrogen-Fixing Organisms.* 


A. S. PHELPs AnD P. W. Witson. (Introduced by E. G. Hastings.) 


From the Department of Agricultural Bacteriology, University of Wisconsin, 
Madison. 


Several years ago this laboratory’ demonstrated that molecular H, 
specifically inhibits the assimilation of atmospheric N. by red 
clover plants inoculated with Rhizobium trifolu. In an effort to 
determine the mechanism of this unusual type of inhibition, cultures 
of the bacteria were tested for hydrogenase, the enzyme which 
Stephenson and associates” found in several species of heterotrophic 
organisms catalyzing the reversible reaction: H, 22H. Attempts to 
find the enzyme in cultures of Ih. trifoli failed. Recently Wyss 
and Wilson’ showed that H, likewise inhibits nitrogen fixation by 
the free-living Azotobacter. Accordingly, species of this organism 
were tested for hydrogenase, and in contrast with the earlier results 
using the root nodule bacteria the azotobacter species were found to 
possess an active enzyme. This report presents the evidence proving 
the existence of the enzyme; a future paper will discuss its properties 
and possible significance for the mechanism of biological nitrogen 
fixation. 

* This work was aided by a grant from the Rockefeller Foundation. 

1 Wilson, P. W., Biochemistry of Symbiotic Nitrogen Fiaation, Madison, Wis., 
1940. 


2 Stephenson, M. 8., Bacterial Metabolism, London, 1939. 
3 Wyss, O., and Wilson, P. W., Nat. Acad. Sct., Proc., 1941, 27, 162. 
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Methods. A modification of the Thunberg technic described by 
Tam and Wilson* in which the rate of methylene blue reduction is 
followed with an Evelyn photometer was used. Changes in the 
procedure included: solution volume increased to 10 ml; methylene 
blue concentration decreased to 10° M; cell concentration reduced 
so that decolorization time ranged from 30-60 minutes; 620 mp 
filter used instead of 540. The tubes were twice evacuated and 0.95 
atmosphere replaced with known gas mixtures bubbled through 
alkaline pyrogallol. All tests were made at 30°C and at pH 6.5. 
Azotobacter cells were grown on Burk’s medium plus 2% agar; 
cultures of rhizobia were grown on Allison’s salts plus 1% sucrose 
and biotin concentrate. 

If the log of the percent oxidized methylene blue is plotted against 
time, an initial short period of lag is frequently observed, followed 
by a much longer period during which reduction is linear. The 
specific rate constant, k, is equal to 2.303 times the slope of the 
straight line. This rate constant is a much better measure of the 
true velocity of reduction than is the usual “time of reduction”. 

Methylene Blue Reduction Studies. Initial proof for the existence 
of the enzyme was furnished by the data summarized in Table I. 
Each tube contained only cells, buffer and the indicated atmosphere. 

The values for the tubes in the vacuum represent the endogenous 
rate of reduction, 7. e., reduction in the absence of the specific sub- 
strate, H., and probably arises from dehydrogenase activity. The 
observed values of k show that when air is replaced with He or A, 
reduction of methylene blue proceeds at about the same rate as the 
endogenous (vacuum), whereas replacement with H, causes a 
marked acceleration in the rate of reduction. Boiling the cells elim- 
inated the reduction. 

Hydrogen Uptake Experiments. Preliminary investigations were 
made of the activity of the enzyme by means of gas uptake experi- 
ments in the Warburg apparatus at 34°C. Side-arm flasks of 15 ml 
volume with provision for aeration were used; approximately one 


TABLE I. 

k value for methylene blue reduction 

Atmosphere in r SS 
Thunberg tube Az. agile Az. vinelandii 
Vacuum .0132 0174 033 
Helium 0160 | .0067 .037 
Argon 0094 — — 
Hydrogen 0824 1196 .212 
Hydrogen (boiled cells) .0006 -0008 — 


4Tam, R. K., and Wilson, P. W., J. Bact., 1941, 41, 529. 
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TABLE II. 
Que (N) 
— = \ 
Acceptor Before addition After addition 
M.B. 511 733 
M.B. 503 652 
Fumarate 578 822 
Fumarate 413 800 
Ca(NOs)> 503 606 
Ca(NOz)> 450 1050 
Pyruvate 750 750 
Butyraldehyde 559 125 
Glucose 600 377 


liter of gas of the desired composition was led through each flask to 
displace the air. The studies showed that even without addition of 
specific acceptors, uptake of hydrogen was readily demonstrable, 
probably because of endogenous acceptors in the cells. In order to 
prove that a given compound could serve as an acceptor, the Qu.(N) 
was determined first on a suspension, then on the suspension plus the 
compound which had been added from the side-arm. Increase in the 
Ou2(N) following addition was taken as evidence that the compound 
would unite with H, in the presence of the enzyme. Typical results 
given in Table I] show that methylene blue, fumarate, and nitrate 
serve as hydrogen acceptors but not pyruvate, butyraldehyde, or 
glucose. Each value for methylene blue, fumarate, and nitrate is 
from a separate experiment. Endogenous uptake of gas in a helium 
atmosphere was zero. 

Some evidence was secured that O, might act as an acceptor for 
H, in experiments with resting cells of Az. vinelandu on glucose. 
The Qo.(N) under an atmosphere of 80% He-20% O, was com- 
pared with that under an atmosphere of 80% H.-20% O,; if the 
cells assimilated H., the rate of uptake of gas in the H.-O, atmos- 
phere should be greater than in the He-O,. In one experiment the 
Qo.(N) for cells in the presence of He-O, was 2590 whereas in the 
presence of H,-O, a value of 4040 was observed. Additional posi- 
tive experiments, while not so striking, showed definitely greater 
rates in the H,-O, atmosphere, but in others no significant differences 
were noted. 

Miscellaneous Observations. The effect of cyanide and urethane 
on the activity of the enzyme in Az. vinelandu is illustrated in 
Table III. 

These responses are typical of dehydrogenases in general and of 
hydrogenases reported for other bacteria. 

The effect of environment on the occurrence of the enzyme was 
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TABLE III. 
———————  ————————— 
KCN k value Urethane k value 
Endogenous 0053 Endogenous .0465 
Hydrogen .0639 Hydrogen .1610 
a + M/200 KCN .0641 es + M/80 1207 
Be + M/100 -0685 ue + M/8 .0940 
42 + M/75 .0720 
ie + M/50 0694 
ye + M/20 -0083 


determined by cultivating Az. vinelandiw on a nitrogen-free agar 
medium and on the same medium plus 200 mg/100 ml of NHsNOs. 
Flasks of both series were filled with the following atmospheres by 
the method of Wyss and Wilson*: (1) air; (2) pO2, 0.2, pN2, 0.2, 
pHp, 0.6 atm.; (3) pOs, 0.2, pN2, 0.3, pH2, 0.5 atm. Values of k 
for the reduction of methylene blue in an atmosphere of H,. were 
then determined for the six suspensions prepared from these treat- 
ments after adjusting each to a standard reduction time. Results 
from this preliminary study indicated that the enzyme is produced 
by azotobacter cells grown under all the conditions used. 

A reinvestigation of the occurrence of hydrogenase in the rhizobia 
resulted in a quite unexpected observation. In agreement with our 
earlier findings, cultures of Rh. leguminosarum 311 grown on 
laboratory media do not possess the enzyme but suspensions taken by 
the method of Thorne and Burris’ directly from the nodules of peas 
inoculated with this strain of rhizobia actively reduce methylene 
blue in the presence of H,. Preliminary trials with the soybean or- 
ganism, however, indicate that neither laboratory nor nodular cul- 
tures possess the enzyme. 

Summary. The existence of hydrogenase, the enzyme activating 
molecular H2, has been demonstrated in cultures of Azotobacter by 
a methylene blue reduction method as well as by measurements of H, 
uptake in the Warburg microrespirometer. The enzyme is found in 
cells grown in the presence or absence of H, and using either free 
or combined nitrogen. Cells of the pea organism taken directly from 
the nodule possess the enzyme but those grown on the usual labora- 
tory media do not. 


5 Thorne, D. W., and Burris, R. H., J. Bact., 1940, 39, 187. 
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Increased Plasma Prothrombin Activity after Epinephrine 
Injections; Relation to Hyperglycemia. 


LEANDRO M. TocanTINs AND JAMEs F. O'NEILL. 


From the Division of Hematology and Surgical Service B, Jefferson Medical 
College and Hospital, Philadelphia. 


Hypercoagulability of the blood often accompanies the hyper- 
glycemia produced in dogs by epinephrine.t Similar changes ob- 
served in cats after acute hemorrhage, rage and pain were attributed 
by Cannon and coworkers” * * to the action of epinephrine on the 
liver. The evidence here presented in preliminary form, indicates 
that the hypercoagulability brought about by epinephrine is the 
result, in part at least, of an increase in the prothrombin activity of 
the plasma. 

Prothrombin activity was measured by the method of Quick*® with 
minor modifications® and the following precautions: (a) All throm- 
boplastin solutions used were potent enough to produce coagulation 
of undiluted recalcified dog plasma in 8-10 seconds, and of human 
plasma in 15 to 18 seconds. (b) Dilutions (1-2, 1-4) of each plasma 
were made and their times compared with that of undiluted or simi- 
larly diluted control plasma. (c) Heparin (4 Toronto units) was 
added to 1 cc of each of the plasmas and the respective prothrombin 
times compared. (d) Determinations were carried out simul- 
taneously with solutions of thromboplastin of slightly different 
potency. The percent cell volume of the blood was measured in each 
specimen. Variations were generally slight. In most instances the 
coagulation time of venous blood was also measured. 

1. Epinephrine and the prothrombin activity of dog plasma (12 
experiments on 4 dogs). 

Dog S-10. Weight 15.7 kg, fasting; 0.055 mg of epinephrine 
intravenously over a 2 min. interval. (See Table I.) 

2. Epinephrine and the prothrombin activity of normal human 
plasma (7 experiments on 6 normal men): (See Table II.) 

Intramuscular injections of the drug (0.01 mg-0.005 mg per kilo 


1 Vosburgh, C. H., and Richards, A. N., Am. J. Physiol., 1903, 9, 35. 

2 Cannon, W. B.,.and Gray, H., Am. J. Physiol., 1914, 34, 232. 

3 Cannon, W. B., and Mendenhall, W. L., 4m. J. Physiol., 1914, 34, 251. 
4 Gray, H., and Lunt, L. K., Am. J. Physiol., 1914, 34, 332. 

5 Quick, A. J., Am. J. Physiol., 1937, 118, 260. 

6 Hause, W. A., and Tocantins, L. M., Am. J. Clin. Path., 1941, 11, 54. 
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TABLE I. 
Time after epinephrine 
Car re 5 
April 16, 1941 Before oe 19/ aoe 150’ 281’ 
Blood coagulation time (min)* 10% 8 5 5 ain) neat 
Plasma Proth. (sec) 9.2 8.6 8.2 i 33) 8.6 8.7 
Plasma + 4 units of heparin (sec) 16.6 15.3 14.9 lost 15.5 15.5 


*1 ce of venous blood at 38°C in paraffined tubes, 17 mm diameter. 


TABLE ITI. 


Epinephrine 0.0025 mg/kg body wt 
intraven. (2’ for injection) 
ES oR, 


Apr. 14, 1941 Control Before 27’ 60’ 


ie Bl. Coag. time (min) * 29 22 10 15 
Plasma Proth. time (sec) 16.5 16.5 15.2 16.5 


Control Before 2e% 80’ 135° Wi95? 


J.N. Bl. Coag. time (min) 27 32 20 21 19 614 
Plasma Proth. time (sec) 15 15.3 14 145 144 14 


*1 ee of venous blood at 38°C in paraffined tubes, 17 mm diameter. 


body weight) followed by observations at 30, 60 and 120 minutes 
gave only slight and inconstant results in 3 normal men. Judging 
from the doses employed by Cannon and Gray’ in cats our intra- 
muscular doses were probably too small. 

3. Epinephrine and the prothrombin activity of abnormal human 
plasma: 

(a) In patients with various types of hepatic disease (11 experi- 
ments in 10 patients). In 6 instances there was an increase in pro- 
thrombin activity within 1 hour after injection (0.0025 mg 
epinephrine per kilo body weight, intravenously over a 2-minute 
period), in 4 there was no change and in 1 there was a slight decrease. 

April 7, 1941. B.C., fem., 29. Widespread metastatic carcinoma 
of the liver. For 2 days before experiment patient received 2 mg of 
2-methyl-1,4-naphthoquinone by mouth. 


TABLE III. 
Min after injection 
Before SSS 
Epinephrine 20 60 150 300 Control 
Prothrombin time (sec) 20.6 18.9 19.9 20.2 19 17.5 
% prothrombin 55 80 67 65 78 100 


(b) In patients with hemophilia (5 experiments, 4 patients). 
In 3 instances a significant increase in prothrombin activity was 
observed, in 2 the change was insignificant. There were no significant 
changes in the coagulability of whole blood. 
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5.M., male, age 23. Epinephrine (0.0025 mg per kg body weight) 
injected intravenously over a 2-minute period. 


TABLE IV. 
Min after injection 
ie ae c<ia\ 
Before 5 60 184 274 Control 
Frothrombin time (see.) 17.8 15.3 16.8 16 Led) 1% 
% prothrombin 110 400 155 250 110 100 
Blood coagul. time (min) 84 75 74 74 54 


Comment. Current work on variations in prothrombin has dealt 
mostly with diminutions in this substance. Quantitative fluctuations 
in prothrombin must, however, be found obviously in either direc- 
tion from normal values, as with other components of the plasma. 
Observations to be reported elsewhere point to the occurrence of 
pronounced increases in prothrombin activity of the plasma after a 
meal especially rich in protein, after emotional excitement and during 
parturition. In ali of these states variable degrees of hypergty- 
cemia may be found. Attention has been drawn’ to an as yet un- 
explained relationship between sugar metabolism and coagulation 
of the blood. Removal of liver tissue is followed by a rapid de- 
crease in blood prothrombin* and, likewise, by a profound hypo- 
glycemia.” The common nature of the forces that lead to hyper- 
glycemia and increased coagulability of the blood has led Stuber and 
Lang’ to attribute to glucose an important role in blood coagulation. 
Perhaps a more likely interpretation is that both glycogenolysis and 
prothrombin production or liberation into the blood are functions 
of the liver affected in a common manner by identical forces. 

Summary. Epinephrine, by slow intravenous injection, increases 
the prothrombin activity of human and dog plasma. An identity of 
type seems to exist between the forces capable of exciting hyper- 
glycemia and increases in plasma prothrombin activity. 


7 Stuber, B., and Lang, K., Physiologie wnd Pathol. der Blutgerinnung, Berlin 
und Vienna, 1930. 

8 Warner, E. D., J. Hap. Med., 1938, 68, 831. 

9 Mann, F. C., and Magath, T. B., Arch. Int. Med., 1922, 30, 73. 
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Mode of Action of Gramicidin. 


Dorotity HEI~bMAN AND WaLLAceE E. Herrety. (Introduced by 
J. L. Bollman. ) 


From the Division of Experimental Medicine, Mayo Foundation, and the Division 
of Medicine, Mayo Clinic, Rochester, Minn. 


Gramicidin has been found to be bactericidal in small amounts for 
Gram-positive bacteria growing in tissue culture media.* The relative 
sensitivity of the bacterial species studied coincides with the results of 
bactericidal tests reported by Dubos.’ Gramicidin is also hemolytic 
in bactericidal concentrations ;® * however, similar amounts of the 
substance do not appear to be toxic for granulocytes, fibroblasts or 
cells of the lymphoid series growing in tissue culture.” These quali- 
ties, (1) bactericidal activity, (2) hemolytic activity and (3) low 
toxicity for tissues, are also characteristic of some substances gen- 
erally classified as detergents. Moreover, gramicidin shows a defi- 
nite specificity of bactericidal action. The growth of pneumococci 
and hemolytic streptococci is inhibited by small amounts of the sub- 
stance. Larger amounts are necessary to inhibit other kinds of 
streptococci and relatively large amounts must be used to inhibit 
staphylococci. Gram-negative bacteria in general are not af- 
fected. A similar type of bactericidal selectivity has been 
shown for soaps of the unsaturated fatty acids by Lamar,® Avery,’ 
Walker,® Eggerth,? and Bayliss and Halvorson,” and for sodium 
lauryl sulfate by Birkeland and Steinhaus.’* Baker, Harrison and 
Miller’ recently showed that anionic synthetic detergents display 
the same kind of specificity in their inhibitory effect on the metabo- 
lism of various bacterial species. 


1 Herrell, W. E., and Heilman, Dorothy, J. Clin. Invest., in press. 

2 Dubos, R. J., J. Bap. Med., 1939, 70, 1. 

3 Dubos, R. J., Ann. Int. Med., 1940, 18, 2025. 

4 Heilman, Dorothy, and Herreil, W. E., Proc. Soo. Exp. Biot. AND Mep., 1941, 
46, 182. 

5 Herrell, W. E., and Heilman, Dorothy, unpublished data. 

6 Lamar, R. V., J. Hap. Med., 1911, 18, 380. 

GeAvery OM eA Asm Oli7 naa demo 050s 

8 Walker, J. E., J. Infect. Dis., 1924, 35, 557. 

9 Eggerth, A. H., J. Hap. Med., 1929, 50, 299. 

10 Bayliss, Milward, and Halvorson, H. O., J. Bact., 1935, 29, 9. 

11 Birkeland, J. M., and Steinhaus, E. A., Proc. Soc. Exp. Biot. AND Merp., 
1939, 40, 86. 

12 Baker, Zelma, Harrison, R. W., and Miller, B. F., J. Exp. Med., 1941, 72, 249, 
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As a rule the hemolytic activity of a detergent coincides with its 
bactericidal activity. Lamar found that soaps which were most 
bactericidal against the pneumococcus were also most active in caus- 
ing hemolysis. Eggerth,** in a study of alpha-brom soaps of satu- 
rated fatty acids, concluded that the bactericidal activity paralleled 
the hemolytic activity. Katz and Lipsitz,‘* reporting on a synthetic 
detergent derived from naphthalene sulfonic acid, stated that a con- 
centration of this substance which would inhibit the growth of 
Mycobacterium smegmatis also caused hemolysis. 

From cultures of the soil bacillus which yields gramicidin, 
Hotchkiss and Dubos'® have isolated a related substance, tyrocidine, 
which is less bactericidal for Gram-positive organisms than gram- 
icidin, but which is effective against Gram-negative as well as 
Gram-positive bacteria. It has been pointed out previously that 
tyrocidine resembles the cationic detergents in its bactericidal activity. 
The cationic detergents have been shown by Baker, Harrison and 
Miller to inhibit the metabolism of Gram-positive and Gram-negative 
organisms to the same degree. 

In view of some points of similarity between gramicidin and 
tyrocidine and certain detergents a study was made of the ability 
of gramicidin and tyrocidine to depress the surface tension of 
aqueous solutions. The samples of tyrocidine and gramicidin used 
in this study were prepared by Osterberg from tyrothricin, the crude 
bactericidal substance, by the method of Hotchkiss and Dubos. The 
tyrothricin was supplied by Sharp and Dohme. Tyrocidine is par- 
tially soluble in water; however, gramicidin is quite insoluble in 
this medium. Asa result, 2% solutions of these substances in 95% 
alcohol were added to the solutions to be tested. The resulting sus- 
pensions and solutions used as controls contained 0.475% of alco- 
hol. The surface tensions of these suspensions were determined with 
a precision type DuNoity tensiometer within an hour of their prepa- 
ration. It was observed that suspensions of gramicidin showed 
a rapid decrease of surface tension within the first 10 minutes after 
being placed in the watch glass for study with the tensiometer ; hence 
readings were made at 3 intervals, the first immediately after the 
material was placed in the watch glass, and the second and third at 
10 and 30 minutes thereafter. This initial drop of surface tension 
with time occurred regardless of how long the suspension had been 
prepared before the observations on surface tension were made. 


13 Hggerth, A. H., J. Exp. Med., 1929, 49, 53. 
14 Katz, Joseph, and Lipsitz, Aaron, J. Bact., 1935, 30, 419. 
15 Hotchkiss, R. D., and Dubos, R. J., J. Biol. Chem., 1940, 136, 803. 
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The rapid decrease of surface tension with time has been described 
by DuNoity”® in the case of certain colloidal solutions. The solutions 
prepared with 0.9% solution of sodium chloride were adjusted to 
pH 7.2 and the preparations made with Tyrode’s solution had a pH 
between 8.0 and 8.2. Similar amounts of sodium oleate and a 
synthetic detergent, dioctyl ester of sulfonated succinic acid (aerosol 
OT) were included in some of the tests for comparison. The re- 
sults of these tests are shown in Fig. 1. 

It may be seen that tyrocidine was effective in lowering the sur- 
face tension regardless of the kind of solution used. Gramicidin is 
less active in water or saline solutions but when its solubility is in- 
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Effect of gramicidin, tyrocidine, sodium oleate and aerosol OT on surface 
tension of various solutions at 25°C. Key to curves (type of solution concerned in 
each chart is given in its caption) is as follows: I, solution with 0.5% alcohol 
added; II, solution same as I, gramicidin added 1 to 10,000; ITI, solution same as 
ite tyrocidine added 1 to 10 000; IV, solution same as L sodium oleate added 1 to 
10, 000 ; V, solution same as I, aerosol added 1 to 10, 000. 


16 Du Nowy, P. L., Surface Equilibria of Biological and Organic Colloids, New 
York, The Chemical Catalog Company, 1926, 212 pp. 
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creased by the addition of 10% of glycerin or 2% glycerin and 5% 
alcohol, its ability to lower the surface tension after 30 minutes of 
observation approaches that of tyrocidine. It may be seen that 
sodium oleate is less active in Tyrode’s solution, presumably because 
of the presence of calcium and magnesium ions. 

A study was made of the effect of pH on the activity of tyrocidine 
and gramicidin. Concentrations of 1:5000 of these substances were 
prepared in fifteenth-molar phosphate buffers (Sorensen). There 
was no significant change in the activity of either substance over a 
pH range of 5.3 to 8.0. Likewise, heating suspensions of gramicidin 
in water or Tyrode’s solution to 90°C for 10 minutes did not appear 
to inhibit their surface tension depressing ability when these sus- 
pensions subsequently were added to 2% glycerin in water or 10% 
rabbit’s serum in 0.9% solution of sodium chloride. 

The inhibitory effect of serum on the bactericidal action of soaps 
has been pointed out by Eggerth,’* Walker,* and others. The an- 
tagonistic effect of serum on the surface tension depressing activity 
of sodium oleate is discussed by DuNoity.’® Table I records the effect 
of increasing amounts of rabbit's serum in inhibiting the surface 
tension depressing activity of gramicidin, tyrocidine, tyrothricin (the 
crude bactericidal substance containing about 85% of tyrocidine and 
15% of gramicidin), sodium oleate and aerosol OT. Tyrocidine 
shows a remarkable degree of activity in the presence of large amounts 
of serum. The crude bactericidal substance appears to be somewhat 

TABLE I. 
Effect of Rabbit’s Serum on Depression of Surface Tension of Saline Solutions by 


1:5,000 Concentrations of Gramicidin, Tyrocidine, Tyrothricin, Sodium Oleate and 
Aerosol OT. 


Sodium Aerosol 


Gramicidin Tyrocidine Tyrothricin oleate OT 

0.9% NaCl solution 18* 26 26 40 41 
1% serum in .9% NaCl sol. 14 20 21 31 31 

5% serum in same 10 19 18 18 24 

IGE hE IY 8 17 17 10 Wy 
PAVED, eh ee ee 4 14 16 4 10 
BOC ee ed ee 3 18 17 1 6 
Tyrode’s solution 20 28 27 19 40 
1% serum in Tyrode’s sol. 12 19 21 13 32 

5% serum in same 6 ye 19 9 24 

LOG me eae ees! 4 15 16 8 16 
PANG U2 Ee 4 15 15 4 10 


*Values indicate the difference in dynes between the surface tension of the 
original solution and that of the same solution to which the various substances 
have been added. Determinations were made at 10 minutes. Temperature 25°C, 
All solutions were adjusted to pH 7.6. 


17 Eggerth, A. H., J. Exp. Med., 1927, 46, 671. 
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more active than would be expected from its content of gramicidin 
and tyrocidine. The inhibitory effect of increasing amounts of 
serum appears to be proportionately about the same for gramicidin 
and aerosol OT, but it is much greater in the case of sodium oleate, 
either in the presence of 0.9% solution of sodium chloride or in 
Tyrode’s solution. 

It is evident that the relative ability of gramicidin and tyrocidine 
to depress the air-liquid interfacial tension of the solutions studied 
is not proportional to their respective bactericidal activities against 
Gram-positive bacteria or to their hemolytic activity. The effective- 
ness of gramicidin appears to depend on its partial solubility. It is 
possible that the activity of gramicidin might be altered by traces 
of organic solvents or by enzyme action at the cell surface. However, 
the fact that tyrocidine is more active in depressing surface tension 
under all conditions studied might indicate that the greater bacter1- 
cidal action of gramicidin on Gram-positive organisms depends on a 
more specific activity of this substance. Such a possibility seers 
more likely in view of the fact that heating destroys the bactericidal 
and hemolytic properties of gramicidin but does not alter its ability 
to depress surface tension. It would seem that the tendency of this 
substance to concentrate at an interface might enhance any such 
specific metabolic activity greatly. 

Conclusions. 1. Gramicidin and tyrocidine depress the surface 
tension of aqueous solutions. Tyrocidine is more active in this re- 
gard than is gramicidin. 2. The ability of gramicidin to depress sur- 
face tension is improved by the addition of organic solvents such as 
glycerin which increases the solubility of gramicidin. 3. Serum de- 
creases the activity of tyrocidine less than it does the activity of 
gramicidin, sodium oleate and aerosol OT. 4. The bactericidal and 
hemolytic effects of gramicidin are destroyed by heat but its prop- 
erty of altering surface tension is heat stable. 
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Parasiticidal Properties of the Proteolytic Enzyme Ficin.* 


Ky C. Fausr anp L, Ff. THomen, 


From the Department of Tropical Medicine, Tulane University of Louisiana, 
New Orleans, La. 


For centuries natives of Tropical America have used the crude 
fresh latex of Ficus glabrata and F. doliaria as an anthelmintic, 
especially for the removal of the human whipworm (Trichocephalus 
trichiurus).* However, unless refrigerated or chemically preserved, 
the latex ferments rapidly. Robbins’ isolated the anthelmintic prin- 
ciple ficin in amorphous form, while more recently Bliss* has pre- 
pared a semi-refined crystoid and Walti* a pure crystal product. 

The present study was undertaken to compare the parasiticidal 
properties of the refrigerated and chemically preserved (0.1-1.0% 
sodium benzoate) latex, the semi-refined crystoid (sealed im vacuo) 
and the amorphous ficin.t 

In vitro tests were made on egg albumin coagulated by heat in 
capillary tubes 25 mm long by 2.5 mm inside diameter, on living 
pig Ascaris and on living dog whipworms. The products tested im 
vitro were the undiluted refrigerated and preserved crude latex, 
1, 2, 3, 4, 5, and 10% dilutions of these products in 0.85% sodium 
chloride, and 3 and 10% dilutions in artificial gastric juice; likewise 
0.01, 0.1, 1, 5, and 10% solutions of the crystoid in distilled water, 
0.85% sodium chloride and artificial gastric juice. The test objects 
were immersed in the samples to be tested, were incubated at 36-37°C, 
and were examined at regular intervals up to 24 hours. The amount of 
digestion of egg albumin from the ends of the tubes provided an index 
of proteolytic efficiency of the product, while the lessened activity 
of the worm and state of destruction of its cuticle served as criteria 
of anthelmintic potency. Controls in physiological salt solution 
were set up in each experiment. 

In vivo observations were made on 80 dogs, infected with hook- 


* Aided by a grant from Merck and Company, Rahway, N. J. 

1 Thomen, L. F., Am. J. Trop. Med., 1939, 19, 409. 

2 Robbins, B. H., J. Biol. Chem., 1930, 87, 251. 

3 Bliss, S. W., personal communication. 

4Walti, A., J. Am. Chem. Soc., 1938, 60, 493. 

+ With the exception of one sample of refrigerated latex supplied by Dr. H. C. 
Clark, Director of the Gorgas Memorial Laboratory, Panama, R. de P., and pre- 
served latex obtained from Higueronia Laboratories, Mexico, D. F., all of the 
products tested have been obtained from Merck and Company. 
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worms, whipworms, ascarids, tapeworms, and Endamoeba histolytica. 
Tests were conducted with refrigerated and preserved latex, the 
crystoid, and the amorphous ficin. The study included pre-treat- 
ment and post-treatment Stoll egg counts of hookworms and whip- 
worms. Measured amounts of the drugs were administered on 
the basis of body weight. Tests were conducted with and without 
pre-treatment purgation or enemata. After therapy and follow-up 
studies, each animal was anesthetized and the entire digestive tract 
examined to determine the results of the treatment 

All of the in vitro tests demonstrated some degree of digestive 
action upon the test objects. The refrigerated unpreserved samples 
of latex were most active, digesting one mm length of coagulated 
albumin in 60 minutes, digesting the cuticle of Ascaris within 30 
minutes in a dilution up to 1:10 in 0.85% sodium chloride and dis- 
integrating the whipworms within 2 hours in a 1:20 dilution. The 
Higueronia product was about 25% less efficient. A 10% solution 
of the freshly opened crystoid in 0.85% sodium chloride was com- 
parable to the undiluted or 10% sample of refrigerated latex. In 
all cases 0.85% sodium chloride used as a diluent was found to pro- 
vide a higher potency than distilled water, while gastric juice ap- 
peared partially to inactivate the enzyme. 

The iu vivo experiments provided certain conclusive results. Ad- 
ministration of one ounce of the refrigerated latex to each of 5 
unpurged dogs removed all of the whipworms. Similar results 
were obtained with preserved latex (5 animals) following pre- 
treatment purgation. With the freshly opened crystoid single doses 
of 0.6 to 3 g per kilo of body weight (9 animals) or equivalent 
amounts in 2 divided doses (6 animals) or 4 divided doses (2 ani- 
mals) were equally effective. Lesser amounts of the crystoid (2 ani- 
mals) were 25 to 70% efficient. However, when exposed to air 
for only 2 or 3 days the crystoid (7 animals) rated only 0 to 25%. 
The amorphous ficin (24 animals), although relatively stable on 
exposure to air, required a total minimum of one gram per kilo of 
body weight, in single or divided doses, to produce 100% removal 
of whipworms, but if the bowel was obstructed by tapeworms or 
feces, as much as 4 g per kilo were ineffective. 

Comparable ratios of efficiency among the several test products 
were obtained on hookworms but the specificity was invariably less 
than on whipworms. Intragastric intubation of a solution of the 
crystoid or amorphous ficin was usually more efficient than oral 
administration in gelatin capsules. The action of no product was 
consistently efficient for dog ascarids; the efficiency for tapeworms 
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was essentially mil. In 10 animals treated with the fresh crystoid 
and 14 with the amorphous ficin, trophozoites of E. histolytica in 
the wall of the large bowel quite uniformly became dwarfed and 
inactive, and at times had died in situ. 

Summary. The unpreserved, refrigerated crude latex was con- 
sistently the most efficient parasiticide tested, the preserved latex 
somewhat less effective. A 10% solution of the freshly opened 
crystoid compared favorably with the refrigerated latex but ex- 
posure to air rapidly diminished its potency. The amorphous ficin, 
while relatively stable, proved to be only about half as efficient as 
the fresh crystoid. The most specific action of these products oc- 
curred on whipworms, provided the large bowel was previously 
free of feces. The effect on hookworms was almost uniformly less 
satisfactory. Considerable amebostatic and, at times, amebicidal 
action was demonstrated. 
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Determination of Ascorbic Acid in Whole Blood.* 


Cart A. KUETHER AND JosEPH H. Roe. 


From the Department of Biochemistry, School of Medicine, George Washington 
University. 


It has been found that ascorbic acid is oxidized by the oxygen 
set free from oxyhemoglobin when whole blood is deproteinized 
with HPOs, and that this oxidation can be prevented by displacing 
the oxygen of oxyhemoglobin with CO, N., and H..*° Butler and 
Cushman* have reported a method for the determination of ascorbic 
acid in whole blood involving saturation of the blood with CO and 
precipitation of the proteins under an atmosphere of CO. 

We have found that a very convenient method to prevent the 
oxidative effect of oxyhemoglobin is alternate removal of oxygen 
by evacuation and treatment with CO, under pressure. A combi- 
nation of these two steps gives an efficient and practical way of re- 
ducing oxyhemoglobin which is adaptable to clinical laboratory use. 


* Aided by a grant from the Committee on Scientific Research of the American 
Medical Association. 

1 Lemberg, R., and Legge, J. W., J. Proc. Roy. Soc. N. S. Wales, 1938, 72, 62. 

2 Lemberg, R., Cortis-Jones, B., and Norrie, M., Biochem. J., 1938, 32, 149. 

3 Huzita, A., Ebihara, T., and Numata, I., Biochem. Z., 1939, 301, 245. 

4 Butler, A. M., and Cushman, M., J. Clin. Invest., 1940, 19, 459. 
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Five cc of blood are pipetted into a cylindrical separatory funnel 
with a mark at 20 cc, containing 2 drops of octyl alcohol as an 
antifoam. The glass stopper of the funnel has a removable clamp 
by means of which it may be held in position. The funnel is con- 
nected by means of pressure tubing to the single outlet on one side 
of a 3-way stopcock. One of the other outlets is connected to a 
vacuum line through a manometer, and the third outlet is connected 
to a tank of CO, with a manometer and a gas reservoir in the line 
to give it a larger volume and thus minimize the pressure changes. 
We have used a volleyball for the reservoir and found it very 
satisfactory. The funnel is then evacuated to a pressure of about 
5 mm Hg until the evolution of gas stops. We have found that 
2 minutes is usually sufficient time to do this. After filling the 
funnel with CO., both the stopper and stopcock are opened and 
CO, run through to wash out any residual air remaining in 
the funnel. The clamp is then placed on the stopper and 
CO, run in at a pressure of about 76 cm Hg above atmospheric 
pressure for 5 minutes. During evacuation and CO,-pressure 
treatment the funnel is rotated gently and continuously. Jt is very 
important to spread the blood in a thin layer over the inner surface 
of the funnel during the evacuation and saturation. The evacuation 
and saturation are repeated twice. After the third saturation, the 
funnel is removed from the CO, pressure line. Five cc of distilled 
water, from which all O, has been removed with a stream of CO;, 
is then introduced into the funnel to lake the blood. The stopper is 
immediately replaced and the contents of the funnel mixed. Ten 
cc of 10% HPOs, from which the O, has been removed with CO., 
is then introduced, the volume is made up to the 20 cc mark, and 
the contents of the funnel are thoroughly mixed by shaking and 
filtered through a dry filter paper. 

The filtrate obtained in this manner is analyzed for reduced 
ascorbic acid by a modification of the method of Mindlin and 
Butler.” The galvanometer of the photoelectric colorimeter 
(Evelyn) is set to read 100 with a tube of blank dye solution which 
has been completely decolorized with ascorbic acid. A blank is run 
by measuring 4 cc of 3% HPO, into a colorimeter tube, adding 
4 cc of the indophenol-acetate solution and reading in the colorim- 
eter. The indophenol-acetate solution contains 17 g of NaC,- 
H;O0,°3H.O and approximately 15 mg of indophenol per liter. 

Four cc of the filtrate are measured into a colorimeter tube, the 
tube is inserted into the colorimeter and 4 cc of indophenol-acetate 


5 Mindlin, R. L., and Butler, A. M., J. Biol. Chem., 1937-38, 122, 673. 
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solution are added. The galvanometer is read 15 and 30 seconds 
after addition of the dye. A few crystals of ascorbic acid are added 
and the reading of the decolorized solution is taken after 5 minutes. 

The final pH of a mixture of equal volumes of the dye solution and 
filtrate as described above is about 3. At a pH appreciably lower 
than this, as shown by Bessey,® there is decolorization of the dye 
by hydrogen ion, and at higher pH values the decolorization of 
the dye by interfering substances (principally sulfhydryl) is 
appreciable. Bessey® carries out this determination at pH 3.5-3.6. 
Mindlin and Butler? use pH 4.1. We have found pH 3 to be 
optimum for this reaction. 

The amount of ascorbic acid in the sample is given by the follow- 
ing equation: 
Mg Ascorbic Acid = K[log (Gsy5; — (Gs39 — Gsy5)) + (2 — log Gd) — log Gb] 


where K is the constant (0.086, Mindlin and Butler’) determined 
by analyzing standard solutions of ascorbic acid in 3% HPOs, Gsi5 
and Gsz. are the 15 and 30 second readings, respectively, Gd is the 
decolorized reading of the sample and Gb is the reading of the 
blank solution. The first term of the equation includes a correction 
for the drift in the galvanometer reading produced by the non- 
ascorbic acid reducing substances released when the erythrocytes 
are hemolyzed. The second term is a correction for any turbidity 
which the solution may have. We have found that filtrates which 
to the eye appear to be perfectly clear will not give a reading of 
100 when decolorized, and therefore this correction is necessary 

In 9 analyses of normal human blood, and normal and scorbutic 
guinea pig blood to which pure ascorbic acid was added, the follow- 
ing recoveries of the added ascorbic acid were obtained: 90, 92, 
98, 99, 102, 102, 103, 108 and 110%. 

Summary. A method for the determination of ascorbic acid in 
whole blood is proposed. The oxidation of ascorbic acid by oxy- 
hemoglobin is prevented by reduction of the oxyhemoglobin by 
alternate evacuation and treatment with CO, under pressure before 
deproteinization with HPO. 


6 Bessey, O. A., ibid., 1938, 126, 771. 
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Effects of Clinical Doses of Phenobarbital on Blood and Urine 
Ascorbic Acid in Human Subjects. 


Sypney T. Wricut, Tom J. CALLAGHAN, AND VIRGINIA MINNICH. 
(Introduced by W. H. Olmsted.) 


From the Department of Medicine, Washington University, St. Louis, Mo. 


That barbituric acid derivatives were effective in stimulating 
ascorbic acid excretion in rats was demonstrated by Longenecker 
and his co-workers.1 Within 5 days the administration of sodium 
phenobarbital caused an increase of 15 times in the urinary excre- 
tion of ascorbic acid. 

This experiment records the effects of clinical doses of pheno- 
barbital on the plasma, whole blood, and urinary values of ascorbic 
acid in human subjects. Although some other drugs are equally 
effective in stimulating ascorbic acid excretion in animals, pheno- 
barbital was chosen because it is so commonly used in clinical medi- 
cine. It should be recalled that a daily dose of 20 mg of sodium 
phenobarbital was given by King and his co-workers to a 250 g rat, 
whereas we administered 180 mg to a 70K subject. 

In rats, it was shown that 5 days were required to stimulate the 
maximum excretion of ascorbic acid, so a 5-day period of pheno- 
barbital administration was chosen for the human subjects. The 
180 mg daily dose did affect the subjects in so much that dizziness 
and diplopia were notable on the 5th day. 

Plan of Experiment. Three subjects were used. Subject A was 
a well developed male weighing 170 pounds, subject B a well de- 
veloped male weighing 185 pounds, and subject C a normal adult 
female weighing 125 pounds. The following diet was consumed 
each day during the entire experiment: 


Food g Food g Food g 
Am. cheese 20 Figs, dried 30 Pork 75 
Bacon 10 Flour 3 Puffed wheat 15 
Beef 75 Grape jelly 30 Ripe olives 30 
Butter 45 Grape juice 100 Soda crackers 12 
Cream 170 Jello 16 Sugar 13 
Dates 20 Limas, dried 20 Walnuts 15 
Eggs 2 Macaroni 10 W. W. bread 120 
Evap. milk 200 Peas, dried 20 Total calories 3021 


Total calories in individual diets were adjusted by varying the 
amount of bread, milk, cream, butter, and flour according to the 


1 Longenecker, H. E., Fricke, H. H., and King, C. G., J. Biol. Chem., 1940, 
135, 497. 
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individual preferences of the 3 subjects. During the month of the 
experiment the weights of the subjects did not change. 

The vitamin C free diet was supplemented with 25 mg of pure 
ascorbic acid administered with the morning meal. The constancy 
of the diet ruled out variations in ascorbic acid excretion due to 
changes in pH of urine. Ascorbic acid and phenobarbital were 
taken at approximately the same time each day. It was hoped to 
arrange the ascorbic acid intake so that blood, and urinary changes 
would be evident. The subjects voided frequently enough so that 
urine remained in the bladders of the subjects for only a short 
period of time.?. The urine volumes were quite constant, that of 
subjects A and B averaged 1250 cc daily, while that of subject 
C averaged 889 cc daily. The subjects performed the same work 
daily either in the hospital or laboratory. Following a 10-day con- 
trol period, phenobarbital was taken for a period of 5 days. A 
second control period followed the drug period. 

Chemical Methods. Fasting daily specimens of blood were taken. 
The plasma and whole blood methods of Mindlin and Butler* and 
Butler and Cushman* were used to determine the ascorbic acid 
values. 

The urine ascorbic acid was determined on 24 hour specimens by 
the method of Roe and Hall’ adapted to the Evelyn photoelectric 
colorimeter. Recovery experiments on this method gave 90% to 
99% recovery of added ascorbic acid. 

Results are recorded in Table I. 

It is evident that there was a very slight but definitely steady 
decline in whole blood, plasma, and urinary excretion of ascorbic 
acid during the 3 weeks of observation in all 3 subjects. In both 
male subjects, no significant change took place in the ascorbic acid 
metabolism during the administration of phenobarbital. In the one 
female subject, there appeared a slight but significant rise in ascorbic 
acid excretion and decrease in the whole blood values during admin- 
istration of phenobarbital. We cannot explain this observation. 

If ascorbic acid were used by the human being in detoxifying 
phenobarbital as Longenecker, et al., believe occurs in the rat, we 
would expect a decrease in the blood value for ascorbic acid and a 
decrease in urinary output during phenobarbital administration to 
man. It is possible that if on the basis of weight the dosage to 


2Sherry, S., and Friedman, G. J., Proc. Soc. Exp. Biot. anp Mep., 1939, 
42, 707. 

3 Mindlin, R. L., and Butler, A. M., J. Biol. Chem., 1938, 122, 673. 

4 Butler, A. M., and Cushman, M., J. Clin. Invest., 1940, 19, 459. 

5 Roe, J. H., and Hall, J. M., J. Biol. Chem., 1939, 128, 329. 
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TABLE I. 
Ascorbie Acid Concentration of Whole Blood, of Plasma and of Urine. 
A B C 

———— ee (ae = a C3 ae. 

Whole Urine Whole Urine Whole Urine 
Date blood Plasma Urine 24hr blood Plasma Urine 24hr blood Plasma Urine 24 hr 
1941 mg% mg% mg% mg mg% mg% mg% mg mg% mg% mg% mg 

———{ 

2-5 84 40 61 5.20 .63 22 38 4.40 
2-6 1.22 46 45 5.48 1.12 Bul 32 064.18 
2-7 1.27 .43 46 4.80 .86 33 .28 3.47 
2-8 .99 .43 39 4.84 1.20 -40 34 8 2.43 
2-9 1.12 58 35 3.94 89 55d PAN alesXoy i 58 34 2.90 
2-10 96 40 69 7.54 1.07 34 58 6.84 1.20 54 89 6.30 
2-11 eo 42 48 6.73 63 39 Al Sel aleir/ 60 66 2.15 
2-12 1.36 .40 48 4.90 1.04 asst 27 490 1.25 4335) 43 3.30 
2-13 79 4 46 2.59 alla! .36 44 5.20 1.22 50 45 4.50 
2-14 .76 30 43 4,18 We 30 soul, ited) 92 OL 40 3.89 
2-15 tis 32 00 5.76 64 21 30 3.89 1.00 AT 43 4.65 
Phenobarbital gr ii h.s. 
2-16 56 32 sl) Baul .62 23 ai Beals: 68 52 28 3.43 
2-17 .86 .26 25 3.53 .76 14 at =. 2.0 95 39 47 3.60 
2-18 80 Bil 49 6.32 .66 19 42 5.75 80 38 68 5.60 
2-19 .63 16 41 5.27 OT 14 .28 5.34 .70 32 53 5.68 
2-20 3 .25 31 4.30 52 16 27 3.70 56 30 56 4.92 
Drug discontinued 
2-21 1.10 24 24 2.64 72 23 22 2.92 1.03 £83 38 3.40 
2-22 .60 .20 32 5.51 .65 .20 .25 3.40 aif 38 04 3.80 
2-23 64 27 25 3.47 03 23 .20 5.30 74 32 230 3.917 
2-24 67 25 es) Sa) .67 51135 34 3.59 81 32 02 3.30 
2-25 1.05 20 33 4.95 Till 15 24 2.40 
2-26 50 16 24 3.66 46 16 24 2.40 
2-27 64 16 oll Al sits 64 13 24 2.40 
Av 
1st control 1.04 Al 48 5.09 .87 34 34 408 1.15 54 2 3.96 
Drug 2 .26 33 4.35 63 Ali 27 ~§©63..89 74 39 00 4.65 


2nd control .74 21 27 «64.55 .68 18 25 3.20 83 34 45 3.62 


humans had been comparable to that given by Longenecker to rats 
some effect would have been noted. It is possible the drug was 
conjugated with ascorbic acid in the urine, but this does not occur 
in rats and one would expect in this case some reduction in ascorbic 
acid values in whole blood or plasma. 

Summary. There was no significant change in whole blood, 
plasma, or urinary excretion of ascorbic acid following administra- 
tion of 180 mg of phenobarbital daily to human subjects. Twenty- 
five mg of crystalline ascorbic acid daily is insufficient to maintain 


whole blood or plasma values when the subjects take an ascorbic 
acid-free diet. 
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Adsorbents for Procaine-Epinephrine Solutions. 


F. S. Wozniak, J. R. Russert anp A. B. LuckHarpt. 


From the W. G. Zoller Memorial Dental Clinic and Department of Physiology, 
University of Chicago. 


Mixtures of procaine and epinephrine have long been employed 
as local anesthetics. Epinephrine, by causing local vasoconstriction, 
holds the procaine near the injected area, localizing and prolonging 
the anesthesia. There is risk, however, of the epinephrine enter- 
ing the general circulation, especially when the anesthetic is injected 
into the vascular tissue of the gums and palate in dental surgery. 
The undesirable effects of epinephrine in dental anesthetics have 
been emphasized by Miller,* Stuart,? and Tainter, Throndson and 
Moose,** whose clinical studies show various degrees of rise in 
blood pressure, increase in heart rate, extrasystoles and increase in 
respiratory rate following the submucosal injection of procaine- 
epinephrine solutions. Pickering, McCooey, Steinmeyer and Luck- 
hardt® injected procaine-epinephrine solutions in dogs in sites com- 
monly used in dental operations and obtained marked rises in 
blood pressure. 

Methods. The purpose of the present experiments is to find a 
substance which will retard and diminish the undesirable pressor 
action of epinephrine and procaine in the main circulatory system, 
while still allowing it to prolong the anesthesia by local vasoconstric- 
tion. An adsorbent for epinephrine which will produce such a re- 
tarding effect is now being sought. It would also be desirable for 
procaine to be adsorbed and to be given off slowly as needed to 
maintain anesthesia. Colloidal tri-calcium phosphate, used exten- 
sively as an adsorbent for proteins, was the first substance tested. 

Dogs anesthetized with paraldehyde were used in these experi- 
ments. Both vagi were sectioned to prevent reflex slowing of the 
heart by the carotid sinus and aortic arch mechanisms. Blood pres- 
sure and respiratory rate and amplitude were recorded on kymo- 


1 Miller, H. C., J. Am. Dental Assn., 1937, 24, 515. 

2 Miller, J. C., and Stuart, C. W., J. A. D. A., 1936, 23, 1883. 

3 Tainter, M. L., Throndson, A. H., and Moose, 8S. M., J. A. D. A., 1937, 24, 376. 

4 Tainter, M. L., Throndson, A. H., and Moose, 8. M., J. A. D. A., 1938, 25, 
1321. 

5 Tainter, M. L., and Throndson, A. H., J. A. D. A., 1938, 25, 966. 

6 Pickering, P. P., MceCooey, C. J., Steinmeyer, H. P., and Luckhardt, A. B., 
J. A. D, A., 1939, 26, 1823. 
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graph paper in the usual manner. As a control, 2 cc of 2% pro- 
caine containing 1:25,000 epinephrine was injected directly into the 
anterior palatine, mental and posterior palatine foramina. The 
plunger of the syringe was always retracted prior to the injection 
to exclude the possibility of direct entrance of the solution into a 
vein. The time of injection was kept as constant as possible and 
averaged about 20 seconds. 

To test the effect of the colloidal Ca;(PO,). on epinephrine, 2 cc 
of Ca;(PO,). containing 1:25,000 epinephrine was injected into 
the foramina on the side opposite those employed in the control 
part of the experiment, using the same dogs. The effect of intra- 
venous injection of Ca;(PO,). with 1:25,000 epinephrine was com- 
pared with intravenously injected 2% procaine with 1:25,000 
epinephrine. Chemical tests for adsorption were also made. The 
supernatant fluid from centrifuged Ca,(PO,).-epinephrine mixtures 
was analyzed for epinephrine colorimetrically, using Barker, East- 
land and Evers’ modification of the Ewin test.” 

To test the ability of Ca;(PO,). to adsorb and thus retard the 
action of procaine, comparisons are planned of the duration of 
anesthesia produced by plain procaine with that produced by 
Cas(PO,).-procaine mixtures. Preliminary tests are being made 
on the pressor effect of submucosal injection of epinephrine in 
peanut oil, which was first introduced by Keeney® for the allevia- 
tion of asthma. 

Results. The present experiments, in which 19 dogs were used, 
confirm the findings of Pickering, et al., with respect to the in- 
crease in blood pressure following the submucosal injection of pro- 
caine-epinephrine mixtures. The accompanying table shows that 
the pressor effect of epinephrine injected submucosally is greatly 
reduced by the addition of colloidal Ca3(PO.).. In all 3 sites the 
average percentage increase in blood pressure following the injec- 
tion of procaine-epinephrine mixtures was greater than that after 
the injection of epinephrine treated with Ca;(PO,)». The differ- 
ences in the two means for each site were found to be statistically 
significant when analyzed by methods described by Fisher.® 

Ca;(PO.). with 1:25,000 epinephrine when administered intra- 
venously in dogs gave nearly as great a pressor effect as 2% pro- 
caine with 1:25,000 epinephrine. The colorimetric tests on the 
supernatant liquid from centrifuged colloidal Cas (PO, ).-epineph- 

7 Barker, J. H., Hastland, C. J., and Evers, N., Biochem. J., 1934, 26, 2129. 


8 Keeney, E. L., Am. J. Med. Sci., 1939, 198, 815. 
9 Fisher, Statistical Methods for Research Workers. 


SURVIVAL OF THE RESPIRATORY MECHANISM 495 


TABLE I. 
Average Percentage Increase in Blood Pressure Following Submucosal Injections. 


Avg % increase in blood 


pressure 
= eee a a 
; Vol. of No. of Ant. Post. 
Solution injections animals palatine Mental palatine 
Procaine 2% with 
epinephrine 1:25,000 2.0 ce I) 43.1 21.9 11.6 
Cas (PO4)> 
epinephrine 1:25,000 2.0r22 19 11.5 11.4 4.0 


rine mixtures showed that the supernatant fluid contained epineph- 

rine at as great a concentration as did the original solution. 
Conclusions. It is quite apparent that colloidal Ca;(PO,). di- 

minishes the pressor effect of submucosally injected epinephrine. 
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Survival of the Respiratory (Gasping) Mechanism in Young 
Animals Subjected to Anoxia. 


W. A. SELLE AND T. A. WITTEN. 


From the Department of Physiology, Medical Branch of the University of Tezas, 
Galveston, Texas. 


Various observers (Reiss and Haurowitz,1 Avery and Johlin, 
Kabat and Dennis,? Selle and Witten,* and Himwich, Alexander 
and Fazekas’) have reported that young animals are much less 
susceptible to anoxia and asphyxia than adults. The present studies 
were undertaken to determine whether the primitive respiratory 
mechanism (gasping) itself survives longer in the young than in 
the old. 

Movements of the mandible of various species (dogs, cats, 
rabbits, and rats) were recorded mechanically following complete 
and rapidly induced anoxia produced by ligation of the cerebral 
vessels or by decapitation. In preliminary experiments it was 


1 Reiss, M., and Haurowitz, F., Klin. Wehnschr., 1929, 8, 743. 

2 Avery, R. C., and Johlin, J. M., Proc. Soc. Exp. Biot. anp Mup., 1932, 29, 
1184. 
‘3 Kabat, H., and Dennis, C., Proc. Soc. Exp. Bou. anD Mep., 1939, 42, 534. 

4 Selle, W. A., and Witten, T. A., Proc. Am. Physiol. Soc., 1941, 53, 253. 

5 Himwich, H. E., Alexander, F. A. D., and Fazekas, J. F., Proc. Am. Physiol. 
Soc., 1941, 53, 193. 
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found that the character and duration of the gasps induced by either 
of these methods were essentially the same and that the gasping 
movements of animals in which the cerebral vessels were ligated 
corresponded to and were simultaneous with labored respiratory 
movements of the trunk. 

It is evident that the respiratory center of the young is much 
more tenacious and viable than is that of the adult, and that the 
survival of gasping itself is inversely proportional to age for animals 
up to or slightly past the weaning period. Thus, the isolated head 
of a rat 7 weeks of age or older gasps 5 to 8 times over a period of 
10 to 20 seconds and remains motionless thereafter; whereas, the 
head of a younger animal may continue to gasp for many minutes. 

Unlike adults, rats under 6 weeks of age display 2 periods of 
gasping movements: an initial series which consists of 6 to 12 
gasps and lasts for a period of 20 to 80 seconds; and a second 
series which begins after an interval of 30 to 50 seconds following 
cessation of the initial or first series. The total number of gasps 
in both series, as well as the total duration of gasping, is greater 
the younger the animal (as is shown in the table). The second 
series, which is influenced most by age, lasts 20 to 40 minutes in 
new-born animals; as age increases, the duration of gasping, as 
well as the number of gasps, diminishes uniformly in this series. 
At about the sixth week the second series fails completely. 

Gasping is apparently uninfluenced by sensory stimuli from the 
cut cord and other severed nerve paths, for immersion of the iso- 
lated head in 10% formalin, 5% phenol, or 95% alcohol, and cool- 
ing of the cord or other cut surfaces with ethyl chloride, do not 
appreciably alter the nature or duration of gasping; nor does im- 
mersion in 5% lactic acid, 5% sodium carbonate or 5% sodium 
citrate influence gasping. 

The survival of the respiratory mechanism seems to parallel other 
physiological processes as it is further found that (1) pupillary 
responses of the isolated head, (2) trunk reflexes of the spinal 
animal, and (3) action of the exposed heart, are all retained longer 
the younger the animal. 

Information is lacking concerning the essential factors responsible 
for the marked disparity in survival of the respiratory mechanism 
of young and old animals; metabolism differences, however, appear 
to be involved. 

General anaesthetics (ether, chloroform, and nembutal) alter 
greatly the strength and duration of the gasps. The first series is 
completely blocked when surgical anaesthesia is induced prior to 
decapitation. The second series is also frequently blocked or short- 
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ened, but in very young animals delayed gasps of reduced amplitude 
and increased rate occasionally occur. 

Morphine tends to obliterate the interval between the first and 
second series and to reduce slightly the frequency; however, the 
total duration of gasping, as well as the total number of gasps, is 
usually greatly increased by this drug. 

In very young animals (10 days or less) having a long second 
series, the frequency of gasping is increased by warming the isolated 
head and decreased by cooling; the duration of gasping is reduced 
by warming, increased by cooling. The total number of gasps how- 
ever, appears to be little altered by temperature unless extreme 
ranges are employed. 

If the area over the medulla and cerebellum of an isolated head 
of a young animal is quickly cooled by ethyl chloride or by im- 
mersion in cold Ringer’s, gasping ceases. Upon warming, gasping 
is resumed and a more or less normal series ensues. Heads of 1 to 
4-day-old rats have been revived after more than 30 minutes of 
cooling. 


TABLE I. 
Mandibular Movements of the Isolated Heads of Rats of Various Ages.* 


Age in days 
i 2 df A Loe SOMO 


Gasps in Series I 1 eels Seee Sle 7.2 OO CLONMEL O.S 
Series II 40.3 30.5 24.0 19.5 92 49 23 0.0 
Total gasps 538.0 43.7 36.3 36.3 164 11.8 83 5.3 
Total duration, sec 1630 1450 745 278 117 75 56.3 14.5 


*Values represent averages for 10 animals. 
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Immunizing Capacity of Virus of Eastern Equine Encephalomye- 
litis Inactivated by Ultraviolet Light. 


IsABEL M. MorGAn AND GEORGE I. LAVIN. 
(Introduced by Peter K. Olitsky.) 


From the Laboratories of the Rockefeller Institute for Medical Research, New 
York City. 


The inactivating effect of ultraviolet light on viruses as well as 
bacteria has been observed repeatedly. That viruses so inactivated 
may be effective as immunizing antigens has already been shown 
for at least 2 viruses capable of causing disease in man. With a 
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Cerebral Resistance to E.E.E. Virus in Mice 
after Vaccination with Virus Inactivated 
by Means of Ultraviolet Light (UN) or Formalin (FV) 


Virus |Mice: Vaccinated] Virus | Non-vaccinated 
dilution} UV. EV. {dilution 


M%=1 mouse died ([=1mouse survived 
Fie. 1. 


vaccine prepared by irradiating mouse-brain infected with rabic 
virus, Webster and associates’ successfully immunized mice and 
dogs against a subsequent injection of active virus. Salk, Lavin, 
and Francis? compared the antigenic potency of epidemic-influenza 
virus following irradiation with that of active virus. In high con- 
centrations, irradiated virus was nearly as effective an immunizing 
antigen as active virus; when lower concentrations were tested, a 
hundredfold loss in immunizing capacity was found to have oc- 
curred during irradiation. Ultraviolet light has been applied to the 
virus of equine encephalomyelitis, Eastern strain (E.E.E.), by 
Sharp and associates ;* they studied the molecular stability of ultra- 
violet-treated virus. The preparation of an immunizing antigen 
produced by irradiation of E.E.E. virus with ultraviolet light is re- 
ported here. 

Chick embryos 7-days-old were inoculated with 0.1 cc 10° sus- 
pension of E.E.E. virus-infected embryo in 0.85% saline solution. 
Embryos removed from the egg 18-20 hours after inoculation were 
rinsed in saline solution, ground in a mortar and made to a 10% 
suspension in saline or Tyrode’s solution. This suspension was 
centrifuged at 2000 rpm for 10 minutes; the centrifugation was re- 
peated with the supernate; the supernate then obtained was spun in 
a Swedish angle-centrifuge at 4000 rpm for 45 minutes. About 


1 Hodes, H. L., Lavin, G. I., and Webster, L. T., Science, 1937, 86, 447; 
Webster, L. T., and Casals, J., J. Exp. Med., 1941, 73, 601. 

2 Salk, J. E., Lavin, G. L., and Francis, T., J. Exp. Med., 1940, 72, 729. 

3Sharp, D. G., Taylor, A. R., Beard, D., Finkelstein, H., and Beard, J. W., 
Science, 1940, 92, 359. 
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30 cc of the final supernate were transferred to a quartz test-tube, 
with an internal diameter of 2.1 cm, which was placed in the center 
of a quartz-mercury resonance lamp in the form of a spiral* with 
an internal diameter of 9 cm. The spiral, 15 cm in height, consists 
of 7 coils. The tube containing viral suspension was so placed that 
there was at least one complete coil of the lamp above and below 
the suspension. About 85% of the energy emitted by this type of 
lamp is in the line of 2537 Angstrém units. The lamp operates at 
30 milliamperes and 15,000 volts transformed from 110 volts A.C. 
The titer of virus before irradiation was regularly 10° when injected 
intracerebrally in albino mice, Rockefeller Institute strain. After 
beginning of irradiation, samples of virus were removed at 5-minute 
intervals; the suspension was stirred at each sampling; 0.03 cc of 
each sample was tested for infectivity by intracerebral injection of 
each of 4 mice. Inactivation was complete after 15-25 minutes of 
irradiation. 

The immunizing capacity of E.E.E. virus inactivated by ultra- 
violet light was compared with that of formalin-inactivated virus 
prepared from the same viral suspension, since formalin-inactivated 
virus has come to be accepted as a standard immunizing antigen. In 
Fig. 1 the result of one experiment is charted. A group of 11 mice 
was vaccinated by means of 3 intraabdominal injections on alternate 
days of 0.25 cc 10% suspension inactivated by 20 minutes’ 
irradiation. Another group was vaccinated with similar doses of 
virus inactivated with 0.5% formalin. Non-vaccinated mice served 
as controls. Two weeks after beginning of vaccination, all mice 
were injected intracerebrally with a broth-suspension of mouse- 
brain infected with E.E.E. virus in dilutions indicated in Fig. 1. 
At least half of each group of vaccinated mice survived 10,000 
and 100,000 cerebral units. There was no difference between the 
two vaccinated groups in the degree of immunity induced. It should 
be added that the antigenicity of such irradiated E.E.E. virus was 
found to diminish rapidly with further irradiation, an effect already 
noted for rabic virus.’ 

In summary, a non-infective immunizing antigen has been pro- 
duced by ultraviolet irradiation of the virus of Eastern equine 
encephalomyelitis.* 


* Manufactured by the Hanovia Chemical Company. 

4Drs. Casals and Palacios find that E.E.E. virus inactivated by ultraviolet 
light serves as a highly specific complement-fixing antigen against anti-E.E.E. 
serum. Their results will be published. 
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New Observation on a Primary Ocular Reaction to 
Shwartzman Toxins. 


Corrapo Aj6. (Introduced by G. Shwartzman. ) 
From the Laboratories, Mount Sinai Hospital, New York City. 


This report deals with a marked reaction in the eye of the rabbit 
following the intravenous injection of Shwartzman toxins.* It 
consists of miosis, photophobia, lacrimation, congestion of the iris 
and conjunctiva with a marked pericorneal ring of dilated capillaries 
and in some instances with gross conjunctival hemorrhages. 
Ophthalmoscopical examination is rendered difficult by the turbid- 
ity of the dioptic media although a marked congestion of the fundus 
may be revealed. The ciliary bodies show enhanced permeability to 
fluorescein injected intravenously. The aqueous humor of the an- 
terior chamber is usually under high pressure and coagulates im- 
mediately upon removal. The fluid is clear in appearance although 
numerous fibrin-threads, crystals, and epithelial cells may be seen 
microscopically. The reaction reaches its maximal intensity within 
2 hours following the intravenous injection of potent toxins but it 
completely disappears 24 hours later. The toxins may be given 
intravenously and intraabdominally, the cutaneous route is only suc- 
cessful when a vascularized area of the skin is used (the upper third 
of the ear). Microscopically, severe reactions show massive con- 
junctival hemorrhage with dilatation and engorgement of blood 
vessels of the recti muscles. No lesions have been seen in the iris, 
retina, cornea, and ciliary bodies. 

Incidentally, other primary toxic effects following the intra- 
venous injection of the Shwartzman filtrates may be noted, 7. e., 
severe diarrhea, enhanced fragility of the capillaries of the skin, 
serous fibrinous exudation in the joints, some enhanced permea- 
bility of the choroid plexus to fluorescein and a high mortality-rate. 
These effects may be considerably diminished by a previous local 
preparation of rabbits to the Shwartzman phenomenon (observed 
on about 50 animals). No similar protection is afforded by local 
preparation with chemical irritants and inflammatory agents devoid 
of Shwartzman principles (cantharidin plaster, turpentine, diph- 
theric toxin, etc. ). 


Two intravenous injections of 100 reacting units of Shwartzman 


*i.e., bacterial factors capable of producing the Shwartzman phenomenon. 
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toxins 24 hours apart produce very severe ocular reactions as well as 
enhancement of other toxic effects. 

The observations were made on a total of 300 albino male rabbits 
(average weight 2.5 kg). The ocular reaction was obtained in 95 
out of 100 rabbits injected intravenously with “agar-washings” cul- 
ture-filtrates of meningococcus Type III and B. typhosus and their 
dialysates through cellophane No. 600. It failed to appear in 100 
control rabbits injected intravenously with similar or larger doses 
of bacterial filtrates devoid of Shwartzman reacting potency and 
various non-bacterial substances, 7. e., diphtheric toxin, staphylo- 
coccus Type A, Streptococcus viridans, sterile “agar-washings”’ fil- 
trates, human, pig, horse, and ox sera in 1% solution, 2% suspen- 
sion of silicic acid, etc. 

Pooled aqueous humor obtained from 5 rabbits with severe 
ocular reactions when injected intravenously into normal rabbits 
produced fever, diarrhea, ocular reactions and in previously locally 
prepared rabbits—the Shwartzman phenomenon. Neutralization ex- 
periments described below were carried out in order to demonstrate 
the fact that the ocular reactions were due to the toxic principles of 
the filtrates. 

Normal rabbits received typhoid toxin variously diluted in saline. 
The highest dilution (1:640) of toxin giving only doubtful coagu- 
lation of the aqueous humor 2 hours after the intravenous injection 
was chosen as a toxin-unit. 

One cc of an antityphoid horse sera (capable of neutralizing the 
Shwartzman phenomenon) was mixed with various amounts of 
typhoid toxin, incubated at 37°C for one hour, and injected intra- 
venously into normal rabbits. One to 10 units of toxin titrated as 
above failed to produce the ocular reaction or coagulation of the 
aqueous humor. 

To sum up, the experiments demonstrate a severe reaction in the 
eye of rabbits following the intravenous injection of Shwartzman 
toxins into the general circulation. It is accompanied by enhanced 
capillary permeability and other damage. The factors in the toxic 
filtrates responsible for the eye reaction may be inactivated by 
immune neutralizing serum. 


502 


13188 P 


Virus Distribution in Reversible Soluble and Insoluble Phases 
of Neutralized Papilloma-Virus Protein.* 


Dorotuy Bearp, D. G. SHarp, A. R. Taytor, AnD J. W. BEARD. 


From the Department of Surgery, Duke University School of Medicine, 
Durham, N.C. 


The neutralizing effect of homologous immune serum on the 
rabbit papilloma-virus protein is quantitatively reversible* by simple 
dilution over the whole range® of serum-virus relations accessible 
to study by infectivity-measurement.? Under proper conditions 
of serum-virus proportions, precipitates occur in the mixtures, con- 
sisting presumably of virus and specific antibody. In the present 
study the distribution of virus between the soluble and insoluble 
phases in one region of serum-virus quantities has been determined. 

The results reported here were derived from 8 correlated experi- 
ments with papilloma-virus protein and an antipapilloma rabbit- 
serum designated as D. R. 496. The findings of 7 experiments with 
this serum have been tabulated in detail elsewhere.» ? An additional 
study made in the desired region of serum-virus relations is de- 
scribed here. 

Papilloma-virus protein procured under standard conditions® by 
ultracentrifugation was mixed with undiluted immune serum D. R. 
496 as previously reported? so that the final concentration of total 
virus was 24.4 y per 0.1 cc (virus pI 4.6, serum pD 0).1? After 
11% hours the precipitate forming at room-temperature was sedi- 
mented in an ordinary horizontal International Centrifuge No. 2 at 
full speed for 30 minutes. The clear supernatant fluid was carefully 
pipetted from the pellet which was then suspended in 0.9% NaCl 
solution to the volume of the supernatant fluid (4.5 cc). The super- 
natant fluid and the pellet-suspension were inoculated® in successive 
twofold dilutions in a group of 32 rabbits, a number statistically 
adequate® for the problem at hand. Twofold dilutions of untreated 
viral protein were inoculated in the same animals for standardiza- 
tion. 

With the serum-virus relations described, the free virus of the 
" *This work was aided by the Dorothy Beard Research Fund and by a grant 
from Calco Chemical Co., Bound Brook, N.J. 


1Bryan, W. R., and Beard, J. W., J. Infect. Dis., 1941, 68, 133. 


2 Beard, D., Taylor, A. R., Sharp, D. G., and Beard, J. W., J. Infect. Dis., in 
press. 


3 Bryan, W. R., and Beard, J. W., J. Infect. Dis., 1939, 65, 306. 
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whole mixture without separation of the precipitate is 3 y per 0.1 
cc as previously reported,” indicating neutralization of 21.4 y of 
the 24.4 y initially present. When the precipitate was sedimented, 
however, the free virus in the supernatant fluid is not 3 y but 
0.008 y. Dilution of the pellet-suspension resulted in progressive 
freeing of virus until the seventh twofold dilution where the rate of 
change in free virus paralleled that of the untreated viral prepara- 
tions containing equivalent amounts of total virus. From the re- 
lation of control and experimental regression lines’ ? in this region, 
the total virus present in the initial pellet suspension of 4.5 cc was 
found to be 6.1 y per 0.1 cc. Of this, 0.9 y per 0.1 cc was in free 
form. In the supernatant fluid, then, there was 18.3 y total virus 
of which 99.1% was present as soluble neutralized virus. This 
represented approximately 75% of the total virus per 0.1 cc initially 
used. 

A possible explanation of the above facts may lie in the following 
equilibria between virus and serum. Virus and serum mixed under 
the present conditions yield a system of soluble and insoluble phases 
of neutralized virus. With the system intact, 7. e., prior to centri- 
fugation, equilibrium can be expressed as 

Vi t3B =a (VBo) = (VE it 
It is known that the state of equilibrium for a given concentration 
of serum and virus is constant’ * and that the equilibrium is re- 
versible as shown by the dilution-phenomenon in the present and 
previous experiments.’ ? Under these circumstances the combined 
virus in both soluble and insoluble phases will contribute to the level 
of free virus in the intact system. When the precipitate is sedi- 
mented, however, the effect of the insoluble phase will be reduced 
by removing it from contact with the soluble phase, resulting in 
further combination of free virus and free serum to satisfy the 
equilibrium. Such is possible, for free virus exists in the uncentri- 
fuged mixture in the amount of 3 y per 0.1 cc, as determined by 
direct measurements? and the intact system contained enough 
serum to neutralize a total of 27.7 y virus per 0.1 cc in the presence of 
an optimal quantity’ of virus, 44.9 y per 0.1 cc. In the end, the level 
of free virus in the supernatant fluid will depend on the demands for 
equilibrium between free virus and the soluble virus-serum complex, 
and thus the quantity of free virus in the supernatant fluid is re- 
duced below the level existing in the intact system. The amount of 
free virus found in the pellet-suspension diluted to 4.5 cc was re- 
lated at least in part to dissociation by dilution, so that it cannot 


+V—virus; B—antibody; (V.B.)—soluble phase; and (V.B.)|—insoluble 
phase. 
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be said whether or not all of the virus precipitated was in the neutral- 
ized state. 

These results provide direct evidence for the existence of both 
soluble and insoluble phases of neutralized virus and for the dis- 
sociation of both with dilution when the 2 phases are separated. The 
data likewise afford an estimate of the distribution of virus between 
the 2 phases separated in this way by centrifugation. It should be 
emphasized that the described distribution can be considered only 
for the special region of serum-virus amounts employed. The re- 
duction in free virus in the supernatant fluid resulting from re- 
moval of the insoluble phase, a phenomenon already noted by others 
in studies with unpurified viral preparations,* could not have been 
due to sedimentation of free virus since it was not demonstrable in 
the pellet-suspension. The findings suggest the possibility of a 
shift in chemical equilibrium as an explanation of the phenomenon. 
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Comparative Activity of Nicotinic Acid and Nicotinamide as 
Growth Factors for Microérganisms.* 


STEWART A. KosErR, SAM BERKMAN AND ALBERT DORFMAN. 


From the Departments of Bacteriology and Parasitology and of Biochemistry, 
University of Chicago. 


Investigations of the past few years have demonstrated that a 
number of microorganisms must be supplied with either nicotinic 
acid or nicotinamide for continued cell multiplication. When these 
compounds are supplied in excess no difference in activity is noted, 
but when suboptimum quantities are used a quantitative difference 
in activity is often encountered. 

While studying the nutritive requirements of the Pasteurella 
group of bacteria, it was found that nicotinamide could not be re- 
placed by nicotinic acid in the cultivation of those members of the 
Pasteurella group which cause hemorrhagic septicaemia in animals. 
In a basal medium of hydrolyzed purified gelatin, supplementary 
amino acids, glucose and inorganic salts, growth of many strains of 
the hemorrhagic septicaemia Pasteurellae occurs readily when both 


4 Friedewald, W. F., and Kidd, J. G., J. Exp. Med., 1940, 72, 531. 

* This investigation was aided by grants from the John and Mary R. Markle 
Foundation and from the Dr. Wallace C. and Clara A. Abbott Memorial Fund of 
the University of Chicago. 
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nicotinamide and pantothenic acid are added.1 On substitution of 
nicotinic acid for nicotinamide growth of cultures does not occur. 
This observation has been repeated a number of times with 16 
Pasteurella cultures. Two different samples of both nicotinic acid 
and nicotinamide were used. One-tenth microgram of nicotinamide 
per cc of medium is sufficient for prompt growth of cultures where- 
as amounts of 0.1, 1.0, 10.0 and 100 pg of nicotinic acid per cc, in 
the presence of pantothenic acid, did not cause growth. The same 
samples of nicotinic acid supported growth of dysentery bacilli and 
Proteus. 

The inability of the hemorrhagic septicaemia Pasteurellae to 
utilize nicotinic acid was shown further by metabolic studies of a 
typical Pasteurella culture. The culture used for these experiments 
was grown in the basal medium of hydrolyzed gelatin previously 
described’ supplemented with 0.004 wg per cc of nicotinamide and 
0.1 ug per cc of calcium pantothenate. The amount of nicotinamide 
used was suboptimum but permits the development of a crop of cells 
sufficient for the tests. Cells from 24-hour cultures at 37°C were 
centrifuged, washed with W/20 phosphate buffer at pH 7.4, recentri- 
fuged and suspended in the phosphate buffer. 

Comparative data are given in Tables I and II. The figures shown 
are typical of other tests. Both diphosphopyridine nucleotide and 
nicotinamide stimulated respiration of Pasteurella suiseptica grown 
in a medium deficient in nicotinamide, while nicotinic acid produced 
no such stimulation. Other tests have shown that pantothenic acid 
together with either nicotinamide or nicotinic acid gave results 
equivalent to those secured with the amide or the acid alone. These 
results confirm the growth tests in showing that certain members 
of the Pasteurella group are able to utilize nicotinamide but not 
nicotinic acid. 

TABLE I. 


Effect of Nicotinamide, Nicotinic Acid and Diphosphopyridine Nucleotide on 
Methylene Blue Reduction by Pasteurella suiseptica. 


Time required 
for reduction,* 


min 
Control >60 
Nicotinamide (20 y) 20 
Nicotinic acid (20 y) >60 
Diphosphopyridine nucleotide (50 y) 17 


*Bach Thunberg tube received 0.3 ce of 2% glucose and 2 ee of a suspension of 
washed cells in phosphate buffer. After 20 minutes’ equilibration at 38°C 50 y of 
methylene blue were tipped into each tube. 

1 Berkman, S., Saunders, F., and Koser, 8. A., Proc. Soc. Exp. BroL. anD 
Mep., 1940, 44, 68. 
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TABLE II. : 
Effect of Nicotinamide, Nicotinic Acid and Diphosphopyridine Nucleotide on 
Respiration of Pasteurella suiseptica as Measured by the Direct Warburg Method. 


Oxygen consumed 


in 2 hr,* 
mm3 
Control 13.0 
Nicotinamide (20 y) 69.0 
Nicotinic acid (20 y) 16.3 
Diphosphopyridine nucleotide (50 +) 161.7 


*Bach vessel received 0.3 ce of a 2% solution of glucose and 2 ce of a suspension 
of washed cells in phosphate buffer. After 10 minutes’ equilibration at 38°C the 
substance being tested was tipped into the vessel from the sidearm. The total 
volume in each vessel was 2.7 ce. 

In Table III the relative growth-promoting effects of nicotina- 
mide and nicotinic acid for several different microorganisms have 
been tabulated. The reports are arranged in the order of increas- 
ing effectiveness of the amide. The results of our present study 
are included in the last line of the table. 

This arrangement brings out strikingly the relative effectiveness 
of the amide and acid in promoting growth of those microorganisms 
for which these compounds must be supplied. The finding for the 
diphtheria bacillus, showing a distinctly greater growth-promoting 
effect for the acid, is quite different from that of other micro- 
organisms thus far reported. Proteus can apparently make use of 
the acid about as effectively as the amide, while the staphylococcus 


TABLE IIl. 
Relative Growth-promoting Effect of Nicotinamide and Nicotinic Acid. 


Ratio of activity, 


Organism amide to acid* 
Diphtheria bacillus2 ikea) 
Proteus3 Abel 
Proteus4 Iga 
Staphylococeus5 Sygil 
Dysentery bacillus6 ORM 


Certain Pasteurelle ioe) 
(acid ineffective) 


*The results given in the literature are usually on the basis of growth at the 
first 24 or 48 hours after inoculation. In at least one instance, however (dysentery 
bacillus), it has been shown that on continued incubation of cultures for 7 to 14 
days, slow growth occurs in the presence of successively smaller amounts of 
nicotinic acid, so that eventually the results with the two compounds are much the 
same. In this instance, the results at 24 hours are significant from the standpoint 
of bringing out differences in growth-promoting effect. 


2 Mueller, J. H., J. Bact., 1937, 34, 429. 

3 Fildes, P., Brit. J. Exp. Path., 1938, 19, 239. 

4 Breslove, B. B., unpublished results from this laboratory. 

5 Knight, B. C. J. G., Biochem. J., 1937, 31, 731. 

6 Dorfman, A., Koser, S. A., Reames, H. R., Swingle, K. F., and Saunders, F 
J. Infect. Dis., 1939, 65, 163. 
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and dysentery bacilli evidently experience more difficulty in the 
utilization of the acid. While due allowance must be made for 
variation of individual strains the general trend is quite evident. 

When nicotinic acid is supplied in place of the amide, it is often 
assumed that in the course of cell metabolism the acid is first con- 
verted to the amide before the compound is utilized further in cell 
respiration, although the results with the diphtheria bacillus would 
seem to be an exception to this interpretation. From the data 
presented it appears that microdrganisms differ markedly in their 
ability to bring about this conversion. In view of these differences 
it seems reasonable to expect the existence of microérganisms which 
are completely unable to bring about this conversion and thus re- 
quire the amide without being able to utilize the acid. The hemor- 
rhagic septicaemia Pasteurellae appear to fit in this category and 
represent the widest divergence in ability to utilize these two com- 
pounds. 

A further summary relating to the entire enzyme-coenzyme com- 
plex is of interest in showing gradations in synthetic properties 
among microorganisms. Bacterium coli may be taken as an ex- 
ample of those organisms which can synthesize the entire diphospho- 
pyridine nucleotide molecule. Most strains of dysentery bacilli, 
Proteus and Staphylococcus are unable to synthesize the pyridine 
moiety of the nucleotide. These organisms, when supplied nicotinic 
acid, differ quantitatively in their ability to convert the acid to the 
amide but nevertheless are all able to perform this reaction and are 
also able to synthesize the coenzyme. Certain Pasteurellae are un- 
able to convert the acid to the amide, but are able to synthesize the 
coenzyme when the amide is supplied, while Hemophilus influenzae 
must be supplied with the whole coenzyme.' It is possible that some 
of the intracellular parasites represent a further step in this series, 
and must be supplied with the enzyme as well as the coenzyme. 

Summary. Nicotinic acid and nicotinamide do not always pro- 
duce equivalent growth-promoting effects upon microorganisms. A 
series of microorganisms is presented showing a ratio of activity 
of amide to acid varying from one-tenth to infinity. The last case 
is represented by certain organisms of the Pasteurella group whose 
growth and respiration is promoted by nicotinamide, but not by 
nicotinic acid. A further summary is presented of synthetic abili- 
ties of different microorganisms with respect to the entire enzyme- 
coenzyme complex. 

+ While it is commonly assumed that the whole coenzyme molecule is needed by 
H. influenze, it should be pointed out that the pyridine-ribose-phosphate portion of 
this molecule has never been tested for V factor activity. See Bass et al., J. Infect. 
Dis., 1941, 68, 175. 
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Chemotherapeutic Evaluation of Some N'- and N*‘-Heterocyclic 
Derivatives of Sulfanilamide. 


Frank B. Cooper, PAuL Gross, AND Marion LEwiIs. 
From the Western Pennsylvania Hospital Institute of Pathology, Pittsburgh, Pa. 


The clinical success which has attended the use of sulfapyridine, 
and more recently, sulfathiazole, has stimulated an active interest in 
the heterocyclicsulfanilamide derivatives as chemotherapeutic 
agents. A review of the compounds of this class which have been 
tested against experimental infections lists the following groups of 
nuclear-coupled N1-heterocyclicsulfanilamides other than those of 
pyridine and thiazole: those of tetrazole,’ 1,3,4-thiadiazole,’ pyrro- 
lene,” pyrrolidine,” 5-pyrazolone,! pyrimidine,’ benzothiazole’ and 
quinoline? Among the N?-acylheterocyclics were the furoyl- and 
nicotinyl-derivatives.* 

The substitution of halogen in the 5-position of 2-sulfanilamido- 
pyridine (sulfapyridine) destroyed its activity, whereas. substitu- 
tion of nitro or amino groups in this position was claimed to en- 
hance the antistreptococcic activity, but slightly depress the anti- 
pneumococcic activity.” The substitution of an amino group in the 
6-position left the activities practically unaltered.** 3-Sulfanilamido- 
pyridine’ and it 6-chlor® and 6-brom?® derivatives were as active as 
sulfapyridine, the 6-ethoxy derivative was slightly active,° the 
6-amino” and 6-hydroxy® derivatives, inactive. The substitution of 
halogen in the 2-position of 5-sulfanilamidopyridine resulted in an 
active compound,’ whereas the corresponding amino and nitro com- 
pounds were inactive.® 

The therapeutic activity of 2-sulfanilamidothiazole (sulfathia- 
zole) has, with one exception, been more sensitive to the effects of 
substitution than that of sulfapyridine. Substitution of a methyl 
group in the 4-position (sulfamethylthiazole) did not affect its 
antistreptococcic,” * antipneumococcic,® 7 or antistaphylococcic ac- 


1 Roblin, R. O., Jr., Williams, J. H., Winnek, P. S., and English, J. P., J. Am. 
Chem. Soc., 1940, 62, 2002. 

2 Cass, W. E., J. Am. Chem. Soc., 1940, 62, 3255. 

3 Tudu, K., Itikawa, A., and So, D., J. Pharm. Soc. Japan, 1939, 59, 213. 

4 Crossley, M. L., Northey, E. H., and Hultquist, M. E., J. Am. Chem. Soc., 
1939, 61, 2950. 

5 Roblin, R. O., Jr., and Winnek, P. S., J. Am. Chem. Soc., 1940, 62, 1999. 

6 Cooper, F. B., Gross, P., and Lewis, M., Proc. Soc. Exp. Bro. AND Mep., 
1939, 42, 421. 


7 Barlow, O. W., and Homburger, E., Proc. Soc. Exp. Brou. AND Mep., 1940, 
48, 317. 
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tivity ° appreciably, although the substitution of a phenyl group 
in the 4-position diminished these activities.” 8 

The other groups of N?-heterocyclic derivatives possess little or 
no therapeutic action, except 2-sulfanilamidopyrimidine (sulfa- 
diazine). This compound is claimed to be as active as sulfapyri- 
dine and sulfathiazole against streptococcic,! 1° pneumococcic! 1° 
and staphylococcic infections, and considerably more active than 
either drug against experimental infections with Friedlinder’s 
bacillus.*° The 4-methyl derivative, 2-(sulfanilamido)-4-methyl- 
pyrimidine, is reported to be as active as the parent sulfadiazine, 
whereas 4-sulfanilamidopyrimidine and 5-sulfanilamidouracil are 
inactive. 

N*-2-pyridylsulfanilamide and N*-2-quinylsulfanilamide were in- 
active against streptococcic and pneumococcic infections,’! whereas 
N*-bromotetronylsulfanilamide was claimed to be as active as sulfa- 
nilamide against streptococcic infections.” 

Of the N?-heterocyclic-acyl-sulfanilamides, the 2-furoyl® and 
2-thenoyl derivatives showed decreased activity; N*-quinolinyl- 
sulfanilamide, activity equal to that of sulfanilamide™ and N*-(5- 
pyrrolidone-2-carbonyl)-sulfanilamide, even greater activity.” 
N?#-nicotinylsulfanilamide was claimed to be both more active’ and 
less active than sulfanilamide.* 

In the present study a number of previously unreported hetero- 
cyclic derivatives are compared to sulfapyridine, sulfathiazole, and 
sulfadiazine against experimental infections of mice. All mice 
dying within the 21-day period were autopsied and those not dying 
of the given infection were discarded from the series. 

In the antistreptococcic and antipneumococcic evaluations, treat- 
ment was withheld for 3 hours to allow infection to become estab- 
lished. This method of assay was considered preferable to the pro- 
phylactic method of Bieter and co-workers, in which the drug is 


8 Barlow, O. W., and Homburger, E., Proc. Soc. Exp. Biot. AND Mep., 1939, 
42, 792. 
9 Rake, G., and McKee, C. M., Proc. Soc. Exp. Bion. AND Mep., 1940, 43, 561. 
10 Feinstone, W. H., Williams, R. D., Wolff, R. T., Huntington, E., and Crossley, 
M. L., Bull. Johns Hopkins Hosp., 1940, 67, 427. 
11 Gray, W. H., J. Chem. Soc., 1939, 1202. 
12 Kumler, W. D., J. Am. Chem. Soc., 1940, 62, 2560. 
18 Kolloff, H. G., and Hunter, J. H., J. Am. Chem. Soc., 1940, 62, 1646. 
14 Hykes, O. V., Hykes, D. E., and Rerabek, J., Compt. rend. Soc. de biol., 1937, 
126, 635. 
i5 Gray, W. H., Buttle, G. A. H., and Stephenson, D., Biochem. J., 1937, 31, 724. 
16 Daniels, T. G., and Iwamoto, H., J. Am. Chem. Soc., 1940, 62, 741. 
17 Bieter, R. D., Larson, W. P., Cranston, E. M., and Levine, M., J. Pharm. and 
Eup. Therap., 1939, 66, 3. 
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administered in the ration for 48 hours before infection, because it 
more closely approximates clinical conditions, namely, the treatment 
of an established infection. 

Streptococcic Infection. Table I shows that the 3 compounds: 
2-(sulfanilamido )-5-methyl-1,3,4-thiadiazine, 2-(4-nitrobenzenesul- 
fonamido)-thiazole and 2-(sulfanilamido)-5-ethyl-4-thiazolone 
(sulfaethylthiazolone) have activities comparable to that of sulfa- 
thiazole, but not as pronounced as that of sulfapyridine. 

Pneumococcic Infection. Since the activity of sulfathiazole has 
been shown to be practically equal to that of sulfapyridine,® 1% 18 1 
the latter drug was used as a standard of comparison. Table II 
shows that sulfaethylthiazolone is practically as active as sulfa- 
pyridine. 

Staphylococcic Infection. Since sulfaethylthiazolone showed ade- 
quate antistreptococcic and antipneumococcic activity, its therapeutic 
action was compared to that of sulfathiazole and sulfadiazine 
against staphylococcic infections. Reference to Table III shows 
that all 3 drugs possess comparable activity. 

In considering the correlation between structure and therapeutic 
activity, it is generally accepted that the active phenylsulfonamides 
either possess a free N*-amino group or a structure which is capable 
of yielding this group in vivo. However, the converse is not neces- 
sarily true. The activity of 2-(4-nitrobenzenesulfonamido) thiazole 
is accounted for by the fact that blood levels of 1.9, 3.6, and 2.8 
mg % of diazotizable material, calculated as sulfathiazole, were ob- 
served in mice one, 4, and 7 hours, respectively, after the oral ad- 
ministration of 20 mg. Traces were observed at the end of 24 
hours. The inactivity of nicotinylsulfathiazole is explained by the 
fact that mice which received 20 mg orally failed to show during 
24 hours any appreciable free or conjugated diazotizable material 
which could be detected by the Bratton and Marshall’? method, or 
our modification, which gives significantly higher recovery of free 
and conjugated sulfathiazole.” 

Toxicity studies showed sulfaethylthiazolone to be less acutely 
toxic than sulfapyridine or sulfathiazole. Of 8 mice which received 
25 mg orally twice daily until the time of death, 6 died between the 
eleventh and twenty-third days and 2 survived. Blood counts made 


18 McKee, OC. M., Rake, G., Greep, R. O., and van Dyke, H. B., Proc. Soc. Exp. 
Brion. AND Mep., 1939, 42, 417. 

19 Litchfield, J. T., White, J. H., and Marshall, EH. K., Jr., J. Pharm. and Eup. 
Therap., 1940, 69, 166. 

20 Bratton, ©. A., and Marshall, E. K., Jr., J. Biol. Chem., 1939, 128, 537. 

21 Cooper, F. B., Gross, P., and Lewis, M., in press. 
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HEMOLYsIs AND “Actp” PHOSPHATASE ACTIVITY So 


every second day showed a mean fall in erythrocytes from 9,200,- 
000 to 5,821,000 during 16 days. In some of the fatalities, the 
erythrocyte count fell to 3,000,000 and less. No evidence of uro- 
lithiasis was observed in 30 rats (weighing approximately 200 g) 
which received 100 mg orally twice daily for 12 days, although 11 
animals died within this time. 

Sulfadiazine, on the contrary, produced renal failure in a number 
of infected mice. Since it was impossible to determine whether this 
was secondary to the damage caused by staphylococci, a series of 
normal mice and a group of normal rats were treated orally with 
similar and smaller doses of sulfadiazine. Gross inspection and 
microscopic examination (frozen sections of fresh tissue) of 
kidneys showed crystalline deposits, predominantly in the urinary 
papilla and often sufficiently massive to be capable of completely 
obstructing the urinary outflow. A more detailed study of this 
toxic manifestation will be reported elsewhere.”” 

Conclusions. 2-(Sulfanilamido )-5-ethyl-4-thiazolone (sulfaethyl- 
thiazolone) has less antistreptococcic activity and approximately the 
same antipneumococcic activity as sulfapyridine. Its antistaphylo- 
coccic activity is of the same order as that of sulfathiazole and sulfa- 
diazine. 

Sulfadiazine produces urolithiasis medicamentosa capable of 
causing death by acute suppression of urine in mice and rats, where- 
as sulfaethylthiazolone is free of this defect, but may cause fatal 
anemia. 
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Erythrocyte Phosphatase Activity in Hemolysed Sera and 
Estimation of Serum “Acid” Phosphatases. 


ETHEL BENEDICT GUTMAN AND ALEXANDER B, GUTMAN. 


From the Department of Medicine, College of Physicians and Surgeons, Columbia 
University, and the Presbyterian Hospital, New York City. 


Erythrocytes contain an apparently specific phosphatase” clas- 


sified by Folley and Kay‘ as phosphomonoesterase Ay. This enzyme 


22 Gross, P., Cooper, F. B., and Lewis, M., in press. 

1 Martland, M., Hansmann, F. S., and Robison, R., Biochem. J., 1924, 18, 1152. 
2 Roche, J., Biochem. J., 1931, 25, 1724. 

3 Roche, J., and Bullinger, E., Enzymologia, 1939, 7, 278. 

4Folley, 8. J., and Kay, H. D., Ergebn. d. Enzymforsch., 1936, 5, 159. 
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in laked red cell systems readily dephosphorylates monophenylphos- 
phate,? the pH range of activity for the reaction showing an opti- 
mum at 5.8-6.0 but extending to well below pH 5.0.* 

In estimating the “acid” phosphatase activity of blood serum® ° 
by a recently described adaptation’ of the King and Armstrong 
“alkaline” phosphatase method,* monophenylphosphate substrate is 
used with citrate buffer at pH 4.9. These conditions also permit of 
hydrolysis by such erythrocyte phosphatase as may be present if 
sufficiently hemolysed samples of blood serum are employed. The 
determination of serum “acid” phosphatases (which has certain 
clinical applications” 1°) therefore gives misleading results in 
markedly hemolysed blood samples. If the use of such samples is 
unavoidable, a correction can be made after hydrolysis in the presence 
of NaF, which in proper concentration differentially inhibits serum 
“acid” phosphatases. 

Experimental. Effect of hemolysis on phosphatase activity at 
pH 5.0. Fresh, non-hemolysed, normal sera exhibit slight “acid” 
phosphatase activity: 1.4 and 1.6 units/100 cc respectively in the 
2 subjects cited in Table I. Defibrinated whole blood samples from 
these normal subjects showed more than 100 times greater phospha- 
tase activity when determined at the same pH (5.0) by the same 
method, because large amounts of erythrocyte phosphatase are pres- 
ent in the hemolysates. Fresh, non-hemolysed sera of patients with 
metastasizing prostatic carcinoma contain prostate “acid’’ phospha- 
tase and show elevated “acid” phosphatase levels (Table I). De- 
fibrinated whole blood samples from these patients exhibit further 
increases in phosphatase activity at pH 5.0, due to the added effect 
of erythrocyte phosphatase. 

If blood samples are only partially hemolysed and less erythrocyte 
phosphatase is present in the serum, less distortion of “acid” phos- 
phatase values occurs. When ordinary precautions against hemolysis 
are taken, normal sera (even if slightly tinged) show no significant 
erythrocyte phosphatase activity.’ Collection of blood with a wet 
syringe, however, results in high values: 14.7 units/100 ce in one 


5 Gutman, A. B., and Gutman, E. B., Proc. Soc. Exp. Bro. AND Mzp., 1938, 38, 
470. 
6 Gutman, A. B., and Gutman, E. B., J. Clin. Invest., 1938, 17, 473. - 
7 Gutman, E. B., and Gutman, A. B., J. Biol. Chem., 1940, 186, 201. 
8 King, E. J., and Armstrong, A. R., Canad. M. A. J., 1934, 81, 376. 
9 Robinson, J. N., Gutman, E. B., and Gutman, A. B., J. Urology, 1939, 42, 602. 
10 Gutman, A. B., Gutman, E. B., and Robinson, J. N., Am. J. Cancer, 1940, 
38, 103. 


11 Woodard, H. Q., and Higinbotham, N. L., J.4.M.A., 1941, 116, 1621. 
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TABLE I. 

Phosphatase Activity at pH 5.0 of Fresh, Non-hemolysed Serum and of the 
Corresponding Whole Blood Hemolysate; Effect of 0.005 M NaF. 
(0.005 M disodium phenylphosphate substrate, 0.1 M citrate buffer at 37°C. 
Results expressed in mg phenol liberated/100 e¢/hr). 


Inhibition Inhibition 
Serum byNaF Whole Wholeblood by NaF 

Source of blood Serum + NaF % blood + NaF % 
Normal subjects 1.4 0.1 93 210. 205. 2.4 
1.6 0.3 81 342. 338. ale 
Cases of metasta- 56.0 7.2 87 259. 235. 9.3 
sizing prostatic 10.8 2.6 76 60.* Olin 5.0 
carcinoma 60.0 7.2 88 Beek Wa) et ice 


* Partial hemolysis. 

** This blood allowed to stand several days at room temperature. The prostate 
‘facid’’ phosphatase has almost disappeared, the erythrocyte phosphatase present 
is little inhibited by NaF. 
instance when the serum properly taken contained only 1.4 units. 
If such partially hemolysed samples of normal blood are allowed to 
stand several days, further increases occur. This does not apply to 
sera from patients with metastasizing prostatic carcinoma, as pros- 
tate “acid” phosphatase tends to disappear from the serum on pro- 
longed standing at room temperature, in one case (after 72 hours) 
from 60.8 to 8.8 units/100 cc, despite some hemolysis. 

Influence of different substrates and buffers. Monophenylphos- 
phate appears to be the substrate of choice in the determination of 
serum “‘acid” phosphatase activity." In hemolysed sera, however, 
the activity of erythrocyte phosphatase at pH 5.0 is more than 10 
times greater with monophenylphosphate than with 8-glycerophos- 
phate substrate. As anticipated, marked distortion of serum “acid” 
phosphatase values was found also when a-glycerophosphate sub- 
strate was used in hemolysed sera. Erythrocyte phosphatase activity 
is approximately 20% greater with acetate than with citrate buffer 
at pH 5.0. 

Effect of M/200 NaF. Most of the “acid” phosphatase activity 
of normal sera, and of patients with metastasizing prostatic 
carcinoma is inhibited by incubation in the presence of M/200 NaF. 
Erythrocyte phosphatase, however, is not significantly inhibited. In 
fresh but hemolysed sera, the presence of appreciable amounts of 
prostate “acid” phosphatase is indicated by a significant fall in phos- 
phatase activity after incubation with NaF; the difference approxi- 
mates the prostate “‘acid’”’ phosphatase present. 
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Blood Pyruvic Acid in Heart Disease. 


ZaLE A. YANor,. (Introduced by E. S. Guzman Barron.) 


From the Lasker Foundation for Medical Research and the Department of 
Medicine of the University of Chicago, Chicago, Illinois. 


Meakins and Long? were the first to study intermediates of tissue 
carbohydrate metabolism in heart disease. They showed a marked 
and proportional increase in blood lactic acid in patients with heart 
failure. These results were subsequently both confirmed’ and denied* 
The importance of lactic acid as the center of carbohydrate metabo- 
lism has since been overshadowed by that of pyruvic acid, and more 
recently even more interest has attached to pyruvic acid because of 
Peters’* discovery that vitamin B, is necessary for its oxidation. 

Taylor, S. Weiss, and Wilkins’ attempted blood pyruvic acid 
estimations in all types of disease by measuring the blood bisulfite 
binding substances and showed a rise of these in failing hearts. This 
method of pyruvate estimation has since been shown, however, to be 
non-specific and inaccurate.* * This present work makes use of a 
specific method* and deals only with heart disease. 

Procedure, The blood pyruvate levels of organically normal 
individuals and patients with decompensated and compensated heart 
disease were studied. The control group consisted of 5 male and 5 
female carefully selected psychopaths, ranging in age from 25 to 84, 
non-alcoholics who were free of organic disease, had no evidence 
of dietary deficiency, and who were not excited or depressed. A 
pyruvate determination was done on each daily for 6 days and after 
one-half hour rest in bed. Twenty hospital patients, ages 32 to 79, 
with varying degrees of congestive failure, and with no fever, history 
of dietary deficiency, or impaired renal function other than that due 
to the cardiac failure, and no other organic disease, constituted the 
second group on whom daily blood pyruvate determinations were 


1 Meakins, J., and Long, C. N. H., J. Clin. Invest., 1927, 4, 273. 

2 Harris, E. W., Jones, C. N., and Aldred, C. N., Quart. J. Med., 1935, 4, 407. 

3 Weiss, S., and Ellis, L. B., Arch. Int. Med., 1935, 55, 665. 

4 Peters, R. A., Lancet, 1936, 1, 1161. 

5 Taylor, F. H. L., Weiss, S., and Wilkins, R. W., J. Clin. Invest., 1937, 16, 833. 

6 Wortis, H., Bueding, E., and Wilson, W. E., Proc. Soo. Exp. Bion. AND 
Mep., 1940, 43, 279. 

7 Elsom, K. O., Lukens, F. D. W., Montgomery, E. H., and Jones, L., J. Clin. 
Invest., 1940, 19, 153. 

8 Lu, G. D., Biochem. J., 1939, 33, 249. 
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TABLE I.* 
Range and Mean Blood Pyrnvate Levels of Controls. 


Subjeet No. 24 25 26 27 28 
Range** 56-.80 72-84 80-98  .78-1.00  _ .80-.96 
Mean .68 76 92 92 .88 

Subject No. 29 30 3 33 34 
Range** 60-.88 60-.90 64110 — » 60-88 .64.1.00 
Mean 76 79 88 73 80 


“Values expressed here and elsewhere as mg per 100 ce of blood. 
**Range of each subject based on 6 daily determinations. 


TABLE II. 
Decompensated Heart Group. 

Subject No. 1 2 3 4 5 6 7 8 10 38612 
Etiology H H A A A A A H A H 
Severity 8 S S M M M Ss M Ss iS) 
Peak* 3.4 19 2.0 2.2 1.8 2.0 2.3 1.8 WA) 

Subject No. 14 15 wy 18 ig) 20 21 22 47 49 
Etiology A R R U H R H CT A R 
Severity S M M M S M iS) Ss) M S 
Peak 2.1 14 1.2 ef 2.5 1.5 isa oof 1.5 1.8 


Abbreviations: H, hypertensive; A, arteriosclerotic; R, rheumatic; CT, 
coronary thrombosis; U, unknown; S, severe; M, moderate. 

*Highest blood pyruvate recorded. 
made. In the third group were 12 patients, ages 20 to 62, with heart 
disease but without failure. 

Results and Discussion. Table I reveals sharply defined limits 
of normality, with 1.0 as the upper limit and 0.8 as the mean. 

The patients with decompensated hearts (Table II) show only 
one case, No. 17, whose highest blood pyruvate was not significantly 
elevated. The mean “peak’’ level for the group is 2.15, with a range 
of 1.2 to 3.4.* Every case but one showed changes from day to day. 
These variations, however, were not considered significant unless 
they were higher than 0.3, the maximum day to day variation of the 
controls. An attempt was made to correlate the daily fluctuation 
with the clinical condition of the same day. Making allowance for 
one discordant variation, 79% of the patients show daily variations 
in agreement with the corresponding clinical changes. Or, of a sum 
total of 58 daily variations in all of the cases, 43 or 74% were clin- 
ically correlative. 

It should be remembered, however, that clinical estimation of the 
change of a heart patient’s condition from day to day is often diff- 


* This roughly approximates the values that Lu9 found in acute beriberi. 
9 Platt, B. S., and Lu, G. D., Quart. J. Med., 1936, 29, 355. 
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TABLE III. 
Compensated Hearts. 
GubjectNo. 35 36 37 388 39 41 48 44 53 54 55 56 


Type R RK A A eA Re on fee 
BAP. 0.80 0.56 0.80 0.56 0.72 0.80 0.88 0.80 0.64 0.72 1.16 0.84 


Abbreviations: B. P., blood pyruvate; others as in Table II. 


cult, if not at times impossible. It is quite possible, therefore, that 
even though the daily pyruvate level may not fit in with the clinical 
evaluation of that given day the former may still be the better index 
of the patient’s true condition. That the mean peak of the severe 
failures was 2.13 as contrasted with 1.67 for those moderately ill, 
may be further evidence in this direction. 

Of the 7 cases who died 3 showed a rise of pyruvate as death ap- 
proached, 3 no change, and one a fall. It is interesting to note that 
2 cases of edema of non-cardiac origin which were also studied 
showed no rise above the normal at any time. The age, sex, and 
type of heart disease could not be shown to bear any relationship to 
the pyruvate level. 

For the compensated group (Table III) 12 patients with definite 
cardiac enlargement (10 to 110% oversized) were selected for 
study. The pyruvate levels were well within normal limits except 
for one, No. 55, who showed a value of 1.16. Of further interest 
were 2 ambulant patients with heart disease who appeared to be com- 
pensated except for a definite but slight edema, and they both had 
increased values of 1.2. 

Summary. 1, There is a rise above the normal of blood pyruvic 
acid in heart failure. 2. This elevation approximates the degree of 
failure. 


The author is very grateful to Dr. Emmet B. Bay for his helpful suggestions 
and criticism and to Dr, E. S. G. Barron for the use of his laboratory and his 
technical guidance. 
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Effect of Neural Stimulation on Choline-Esterase Activity 
of the Blood. 


CAROLYN TRowsribGE. (Introduced by W. O. Fenn.) 


From the ‘Department of Physiology, School of Medicine and Dentistry, The 
University of Rochester, Rochester, N. Y. 


Croxatto, Huidobro, Croxatto, and Salvestrini! published a 
paper showing an increase of almost 100% in the choline-esterase 
activity of the renal blood of the cat, during neural stimulation of 
the leg muscles. In an attempt to verify these findings, similar ex- 
periments were performed on the frog as well as on the cat with 
modified technics. 

For the frog experiments, a perfusion technic was used. The 
cannulae were introduced into the dorsal aorta and the ventral ab- 
dominal vein as described by Fenn, et al.? The perfusion fluid was a 
mixture of gum acacia, Ringer’s solution, and beef red blood cells.* 
Five experiments were done, analyzing only the supernatant fluid 
after the red cells had been removed by centrifugation, and one ex- 
periment in which the whole perfusion fluid was analyzed. In all 
cases, analyses were made of arterial samples and of venous samples 
taken, (a) in the resting state, (b) during about 10 minutes of elec- 
trical stimulation of the leg muscles through the sciatic nerve, and, 
(c) after stimulation had ceased . The stimulation was accomplished 
by means of a condenser discharge type stimulator. The frequency 
and intensity of the shocks were adjusted to produce maximal con- 
traction and were not constant. The samples were analyzed for 
choline-esterase with the differential volumeter apparatus of Fenn* 
according to the principle used by Stedman and Stedman.® One cc 
of bicarbonate buffer (.65% NaCl and .4% NaHCoO;), and one-half 
cc of 1% acetylcholine solution in saline were placed in the bottom of 
the flask, and 1/32 to 4 cc of the test solution, depending on the 
activity, was placed in the side arm. In cases where there was ap- 
preciable hemolysis of the red blood cells, the degree of hemolysis 


1 Croxatto, H., Huidobro, F., Croxatto, R., and Salvestrini, H., Comptes Rendus 
Soc. Biol., 1939, 130, 236. 

2Fenn, W. O., Koenemann, R. H., and Sheridan, E. T., J. Cell. and Comp. 
Physiol., 1940, 16, 255. 

3 Saslow, G., Am. J. Physiol., 1938, 124, 360. 

4 Fenn, W. O., ‘‘The Differential Volumeter for the Measurement of Cell Respi- 
ration and Other Processes.’’ The Science Press, 1935. 

5 Stedman, E., and Stedman, H., Bioch. J., 1935, 292, 2107. 
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was determined by measuring the hemoglobin content of the super- 
natant fluid by dilution and color comparison. In the experiment 
using the whole perfusion fluid, the amount of dilution was calcu- 
lated from a measure of the hemoglobin content by the acid hematin 
method.° 

Two experiments were done on the cat. The animals were anes- 
thetized with Dial and injected with chlorazol fast pink (1 cc of 5% 
solution/kg) to prevent blood clotting. Blood samples were taken 
by cannula from the saphenous vein" before stimulation, during 2 
minutes of stimulation of the leg muscles through electrical excita- 
tion of the severed sciatic nerve in the sciatic notch, and 10 minutes 
after stimulation had ceased. Other samples were taken from the 
carotid artery at the beginning and end of the experiments. Both 
whole blood and plasma of each sample were analyzed for choline- 
esterase by the same method as in the frog experiments. In both 
experiments, records of the tension developed by the gastrocnemius 
group of one leg were made and found to show maximal response. 
On each of these blood samples, plasma potassium analyses had been 
made by Mr. J. R. Jordan in connection with another experiment 
and these determinations showed a normal rise of potassium on 
stimulation, indicating normal functioning of both muscle and nerve. 

The results of the frog experiments were negative. When there 
was no hemolysis of the red cells, there was little or no choline- 
esterase activity in the plasma and the amount bore no relation to 
stimulation. When the red cells had hemolysed, the activity was 
proportional to the degree of hemolysis, 7. ¢., plotting the activity 
against the percent of hemolysis gave a straight line. In the experi- 
ment in which the whole perfusate was analyzed, the data showed no 
correlation between stimulation and high choline-esterase activity 
of the perfusate. 

In the cat experiments, the results were quite different from those 
of Croxatto et alt In these experiments there was a rather wide 
scattering of the values found but again there was no correlation 
with stimulation. A summary of the frog data and the data on Cat I 
are shown on the graph (Fig. 1). The second cat experiment was 
not as complete as No. 1 (fewer samples were taken) but the choline- 
esterase value for the one stimulated sample was not statistically dif- 
ferent from those of the resting and arterial samples. The average 


6 Hawk, P. B., and Bergeim, O., ‘‘ Practical Physiological Chemistry,’’ Blak- 
iston, 11th edition. 

7 Fenn, W. O., Wilde, W. S., Boak, R. A., and Koenemann, R. H., Am. J. 
Physiol., 1939, 128, 39. 
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For the 5 frog experiments the points are the average choline-esterase activities 
expressed as percent of the resting venous value. The solid symbols indicate 
stimulation. []— whole perfusate; A = supernatant fluid (the average of four 
experiments). The lower curves show the results of the first cat experiment. 
@ — whole blood; « =plasma. The cat plasma values are computed by averaging 
the results of direct measurement and values obtained by back calculation from 
the whole blood values and the hematocrit. An average value for choline-esterase 
content of the red blood cells was computed and subtracted from the whole blood 
value for each sample in proportion to the hematocrit of that sample. The figures 
of Croxatto et al. are included for comparison. The vertical scale is arbitrary. 
In all curves, the solid portions of the line are plotted using seconds of stimulation 
as the abscissa; the dotted portions have no time scale except that the readings were 
made before and after stimulation as indicated. A is arterial and V is non- 


stimulated venous. 
values were: stimulated venous, 16.5 cc CO./ce fluid/min; resting 
venous, 16.7; arterial, 15.6. In the first cat experiment the values 
were: stimulated venous, 25.5; resting venous, 24.4; arterial, 32.2. 
These experiments indicate that stimulation of the leg muscles in 
either the frog or the cat does not cause an increase in the choline- 
esterase activity of the venous blood coming from that limb. The 
discrepancy between these results and those of other authors may be 
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due to the fact that, in the work presented here, the blood was taken 
directly from the limb, the saphenous vein of the cat, while in the 
previous work, the renal vein was the source of the blood samples. 
The increase of choline-esterase found under those circumstances 
may be due to some other factor in some other part of the body rather 
than to a direct output of choline-esterase by the stimulated muscles. 


I wish to acknowledge my indebtedness to Dr. W. O. Fenn and 
Dr. J. C. Sabine for their assistance in both technical problems and 
interpretation of results. 
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Action of Nicotinic Acid on Coagulation of the Blood. 


P. M. AGGELER AND S. P. Lucia.t (With the technical assistance 
of Alexis Astaff. ) 


From the Divisions of Medicine and Preventive Medicine, University of California 
Medical School, San Francisco. 


Calder and Kerby’ recently reported that the prolonged coagulation 
time of heparinized blood could be significantly shortened in vitro 
by the addition of 1% nicotinic acid. They stated “.... that nico- 
tinic acid does not duplicate the action of, nor can it be substituted 
for, any of the known factors involved in blood clotting,” and fur- 
thermore suggested that its effect might be due to chemical neutraliza- 
tion of antithrombin. 

The following experiments were performed in order to investigate 
the mechanism of action of nicotinic acid on the coagulation of the 
blood. 

Methods. The coagulative potency of 1% nicotinic acid in 
0.85% NaCl; 1% nicotinic acid amide in 0.85% NaCl; Nicamin,* 
representing 1% nicotinic acid; 0.001% protamine ;** thromboplas- 
tin solution ;? 0.85% NaCl; and distilled water was tested with the 
blood of 4 healthy human adults in whom the bleeding time, coagu- 


t Assisted by grants from Mr. Frank Kennedy and the Pacific Institute of 
Tropical Medicine. 
1 Calder, R. M., and Kerby, G. P., Am. J. Med. Sci., 1940, 200, 590. 
* Monoethynolamine nicotinate, Abbott. Dilutions of the commercial product 
representing 25 mg of nicotinic acid per ce were made with 0.85% NaCl. 
** Kindly supplied by Eli Lilly & Co. 
2 Quick, A. J., J.A.M.A., 1938, 110, 1658. 
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lation time, blood clot retraction, prothrombin concentration, and 
platelet count was normal. All tests were done in a water bath at 
37°C and were timed with a stopwatch. 

Plasma Experiments: These tests were performed in triplicate by 
methods similar to those previously reported.* Glass test tubes were 
used (10x75 mm), 9 cc of blood was obtained by venipuncture, 
immediately mixed with 1 cc of 1.34% sodium oxalate solution and 
centrifugalized at 2000 r.p.m. for 30 minutes. 0.1 cc of a 0.85% 
NaCl solution containing 2 units of heparin* was added to each cc 
of the supernatant plasma. 0.1 cc heparinized plasma was mixed with 
0.1 cc of each of the substances to be tested. 0.1 cc of a 0.27% 
CaCl, solution was added to each mixture and the coagulation time 
noted. Control tests with 0.85% NaCl and thromboplastin solutions 
were done with unaltered plasma and whole blood. 

Whole Blood Experiments: These tests were performed in dupli- 
cate. Glass test tubes (13 x 100 mm) were used, 0.2 cc of a 0.85% 
NaCl solution containing 0.75 units of heparin? per cc was mixed 
with 0.9 cc of each of the test substances. 1.5 cc of whole blood 
obtained by venipuncture was immediately added to each tube and 
the coagulation time noted. 

Hemolytic Tests. 1.5 cc of a 2% suspension of washed sheep 
cells was added to 1.5 ce of each test substance and observed for 
hemolysis, immediately and at intervals up to 114 hours. 

Results. The results of the plasma experiments are given in 
Table I. The coagulation time remained prolonged beyond 1800 
seconds in all samples to which nicotinic acid, nicotinic acid amide, 
Nicamin, 0.85% NaCl, or distilled water had been added. The 
average coagulation time was shortened to 238 seconds in the samples 
to which protamine was added, and to 36 seconds in the samples 
to which thromboplastin was added. In the control samples the 
average coagulation times were 173 and 15% seconds. In a sepa- 
rate series of experiments it was determined that 0.001% protamine 
alone is slightly anti-coagulant when tested with plasma. 

It is apparent that nicotinic acid, nicotinic acid amide and Nicamin 
are ineffectual when tested with heparinized plasma. 

The results of the whole blood experiments are given in Table IT. 
The coagulation time remained prolonged beyond 3600 seconds in 
the samples to which nicotinic acid amide, Nicamin, or 0.85% NaCl 
were added. It was shortened to an average of 1037 seconds in the 


3 Aggeler, P. M., and Lucia, S. P., Am. J. Med. Sci., 1940, 199, 181. 
+ Connaught Laboratories—1000 units per ce. 
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TABLE I. 
Effect of Various Test Substances on Coagulation of Human Plasma. 


Coagulation Time in Seconds 


a’ 
Substance Subj. A Subj.B Subj.C Subj. D Average 
0.85% NaCl >1800 >1800 >1800 >1800 >1800 
Distilled water >1800 >1800 >1800 >1800 >1800 
Heparinized Nicotinie acid >1800 >1800 >1800 >1800 >1800 
Plasma + oe «¢ amide >1800 >1800 >1800 >1800 >1800 
Nicamin >1800 >1800 >1800 >1800 >1800 
Protamine 238 236 238 240 238 
| Thromboplastin 43 32 34 35 36 
Unaltered § 0.85% NaCl 215 163 166 150 173 
Plasma + } Thromboplastin 15 15 16 16 15% 


samples to which nicotinic acid was added, to 1144 seconds in dis- 
tilled water, to 349 seconds in protamine, and to 29 seconds in the 
samples to which thromboplastin was added. In the control samples 
the average coagulation times were 243 and 10 seconds. 

It is apparent that the limited effect of nicotinic acid is similar to 
that of distilled water and that the two compounds of nicotinic acid 
are without significant effect. 

In order to further elucidate the problem, it seemed advisable to 
investigate the hemolytic effect of the test substances. The results 
of the tests are given in Table III. Distilled water induced imme- 
diate and complete hemolysis. Following an initial delay of several 
minutes, the nicotinic acid appeared to promote complete hemolysis 
with the production of a brownish tinged fluid, characteristic of 
acid hematin. Within 114 hours a flocculant mass of laked red 
blood cells and cellular debris had settled to the bottom of the tube. 

From these experiments it appears that nicotinic acid induces 
coagulation of heparinized blood by damaging the formed elements 
contained therein. Such action would release thromboplastin and 


TABLE IT. 
Effect of Various Test Substances on Coagulation of Human Blood. 


Coagulation Time in Seconds 


a aN 
Substance Subj. A Subj.B Subj.C Subj.D Average 
{ 0.85% NaCl >3600 >3600 >3600 >3600 >3600 
| Distilled water 1230 885 1560 900 1144 
Heparinized Nicotinic acid 967 1080 1100 990 1037 
Whole me «¢ amide >3600 >3600 >3600 >3600 >3600 
Blood Nicamin >3600 >3600 >3600 >3600 >3600 
Protamine 330 347 345 375 349 
| Thromboplastin 40 38 18 20 29 
Whole § 0.85% NaCl 200 247 285 24 
Blood ari ) Thromboplastin 10 9 10 ‘ et 
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TABLE ITI. 
Comparative Hemolytic Effect of Test Substances on Sheep Erythrocytes. 

Substance Degree of Hemolysis 
0.85% NaCl 0 
Distilled water =e 
Nicotinic acid +444 

as «¢ amide + 
Nicamin aL 
Protamine 0 
Thromboplastin 0 
Heparin solution 0 


thus accelerate the conversion of prothrombin to thrombin, thereby 
overcoming the anticoagulant action of heparin.* 

Summary. Nicotinic acid has no coagulant effect when tested 
im vitro with heparinized recalcified plasma. Its coagulant action 
is comparable to that of distilled water when tested in vitro with 
heparinized whole blood. Nicotinic acid is an active hemolytic agent 
and its coagulant effect is apparently due to the release of thrombo- 
plastin from the disrupted elements of the blood. Compounds of 
nicotinic acid which do not produce significant hemolysis have no 
appreciable coagulative potency. 
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Effect of Milk on Gizzard Erosion and Cholic Acid in the Chick. 


H. J. Atmguist, E. Meccui ann F. H. KRarzer. 


From the Division of Poultry Husbandry, College of Agriculture, University 
of California, Berkeley. 


The preventive and curative effect of cholic acid on dietary giz- 
zard erosion of chicks has been reported.” * The effect is similar in 
the case of gizzard erosions produced by the use of either a basal 
diet or a practical rearing diet to which cincophen has been added.’ 
We desire to report at this time evidence for the existence in cow’s 
milk of a labile substance which acts like cholic acid. 

Dried milk products were fed by mixing in the diets; liquid milk 
products were given to the chicks in place of the drinking water. 


4 Quick, A. J., Am. J. Physiol., 1936, 115, 317. 

1 Almquist, H. J., and Mecchi, E., J. Biol. Chem., 1938, 126, 407. 

2 Almquist, H. J., and Mecchi, E., Proc. Soc. Exp. Bron. AnD Mep., 1941, 
46, 168. 
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TABLE I. ; c 
Effect of Milk Products on Cholie Acid Content and Gizzard Erosions in Chicks. 
SSS S—M—_\_<—_—w—man\—= 


Gallbladder bile 


w= 
Cholic acid 


Volume ———— 


per Per gm Per Gizzard 
Supplement to Level chick dried bile chick erosion 
basal diet Jo ee mg mg score 
None 16 61 3 1.04 
Dried whole milk 10 .18 86 4 1.10 
Whole milk, raw .28 135 11 50 
ce ebolled .28 liga 10 .30 
Skim milk, raw 31 134 11 42 
Supplement to 
practical mash 
None 25 169 ili .06 
Skim milk, raw ad) 316 39 .00 
Cincophen 1 23 206 13 78 
oe 1 50 368 39 09 


+ skim milk, raw 


The diets and the details of the experimental procedure have been 
described.” ” 

The results given in the table show no effect on the characteristics 
measured in the case of dried whole milk. This has also been found 
true in the case of commercial dried skim milk, dried buttermilk and 
dried whey. On the other hand, liquid milk products distinctly 
reduce the severity of gizzard erosion, increase the gall bladder bile 
volume per chick and increase the quantity of cholic acid per chick. 
The data show that this effect of liquid milk products is stable to 
heating up to the boiling point. Other experiments have indicated 
that the activity is not removed by steam distillation. The effects of 
liquid milk products are very distinct with both types of erosion 
producing diets. 

The evidence presented is consistent with earlier reports’ linking 
gizzard erosions with a deficient formation of bile, especially of 
cholic acid, within the chick. It is further indicated that a sub- 
stance with an activity like that of cholic acid exists in cow’s milk. 


Attempts to detect cholic acid in skim milk yielded only negative 
results. 


! 
‘ 
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High Frequency Conductivity and Dielectric Effect of Fresh 
Fertile and Infertile Hens’ Eggs. 


ALExis L. ROMANOFF AND KARL FRANK. 


From the Department of Poultry Husbandry, Cornell University Agricultural 
Experiment Station, Ithaca, New York. 


In the previous studies of Romanoff and Cottrell? evidence was 
presented that at radio frequencies from 14 to 14.4 megacycles the 
conductivity is lower and the dielectric effect higher in fresh fertile 
hens’ eggs than in infertile. In view of these results it was deemed 
desirable to extend the study of the intact egg to higher frequencies. 
Also to follow up this work an investigation of the physical proper- 
ties of each component of the egg—yolk and various layers of 
albumen—was required in order to determine the exact seat of the 
differences between fertile and infertile eggs and the conditions 
under which they are maximum. 

Methods and materials. To cover the range between 2 and 60 
megacycles, 2 vacuum tube oscillators were used. The source for 
the lower frequency range, from 2 to 15 megacycles, was the oscil- 
lator described in the previous article." For the generation of the 
higher frequencies, 15 to 60 megacycles, the special oscillator was 
assembled (Fig. 1-A). The power supplies for both oscillators were 
fed from a 60 watt voltage regulator and there was negligible fre- 
quency drift or detuning on loading. 

The oscillators were coupled inductively to a resonant tank cir- 
cuit which was connected in parallel with a pair of circular plates 
forming the dielectric cell. The 3 to 15 pf variable tank condenser 
was provided with a very accurate micrometer worm drive and dial 
permitting settings of the condenser capacity to an accuracy of 
+0.002 pef. In the center of the tank coil was mounted a small 
2.3 v flashlight bulb above which was a photronic cell protected by 
a copper sulphate heat filter. A galvanometer shunted to critical 
damping registered the intensity of the light from the bulb. 

The entire apparatus was placed in a shielded cage and operated 
by remote control. The power output from the oscillators showed 
a long period drift of less than 1 cm galvanometer scale reading per 
hour for the ultra-high frequency oscillator and somewhat more for 
the lower frequency oscillator. 


1 Romanoff, A. L., and Cottrell, C. L., Proc. Soc. Exp. Bion. AnD Mep., 1939, 
42, 298. 
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When measurements on whole eggs were being made the egg 
was mounted inside the resonant tank coil by means of an egg-holder 
sliding on a track and consisting of 2 opposing glass cups pulled 
together by a spring. The long axis of the egg was thus automati- 
cally made to coincide with the principal axis of the coil. By this 
method the effect of position of the egg was reduced to a minimum 
and readings on an individual egg could be repeated very precisely. 
The coupling between the oscillator and the resonant tank was 
standardized by means of a glass egg filled with egg albumen. 

In studying the separate components of the egg, 10 g samples 
were weighed out to 0.01 g in small Petri dishes, 50 mm in di- 
ameter, and introduced between the plates of the dielectric cell. The 
readings on yolk and middle dense albumen were made alternately 
on fertile and infertile individual eggs. Outer and middle fluid layers 
of albumen, owing to the small amounts available from each egg, 
were studied from composite samples only. 

The fertile and infertile eggs in these investigations were obtained 
from 2 biologically identical flocks of White Leghorn hens (Gallus 
domesticus). The eggs from the flock with males were tested for 
fertility either by incubation or by examination of the blastoderm 
in dissected eggs. 

Experimental. Measurements of conductivity and dielectric 
effects on several lots of intact eggs at frequencies of 54.6 and 27.3 


A B 


HIGH FREQUENCY OSCILLATOR RESONANT TANK 
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POWER SUPPLY EGG HOLDER 


Toacek ale 
A. Circuits of power supply, high frequency oscillator and resonant tank, The 
450 volt power supply feeds a tuned plate-tuned grid type oscillator using two 
210-T’s in push-pull mounted base to base, which in turn drives the resonant tank 
with egg coil or dielectric cell. 
B. The relative conductivity measurements on yolk and dense albumen of fresh 
fertile and infertile eggs plotted against the logarithm of the frequency in mega- 


cyeles. (Based on the observations of 20 dissected eggs in equal numbers of fertile 
and infertile). 
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megacycles showed tendencies in relative values of fertile and in- 
fertile eggs very similar to those previously observed at lower fre- 
quencies." There was greater separation in conductivity in favor 
of infertile eggs. The dielectric effect was less consistent, although 
again showing higher values for fertile than for infertile eggs. 

The measurements of the conductivity and dielectric effect of the 
egg components yolk and albumen were then made to locate the 
region where the principal differences between fertile and infertile 
eggs occur. The curves on relative conductivity (Fig. 1-B) show 
that the values for various parts of the egg were maximum at about 
15 megacycles. The difference in power absorption of any sample 
between high and low frequencies was large, but the percentage 
difference between 2 different samples remained almost constant 
over the entire frequency range employed. The observations on the 
dielectric effect show that there was little increase in values and a 
gradual levelling off toward lower frequency. 

The separation in values of relative conductivity of yolk and 
albumen of infertile eggs was only 18.6%, while of fertile eggs it 
increased to 28.4%. It should be noted that with fertilization the 
conductivity for the yolk was greater, while that for albumen was 
smaller, thus tending to mask the detection of fertility of the intact 
egg. Tor the dielectric effect the reverse is true. The separation of 
yolk and albumen was decreased from 13.2% in the infertile egg to 
10.6% in the fertile egg. 

Since several distinct layers of albumen are known? the relative 
values for conductivity and dielectric effect of the 3 outermost 
layers—outer liquid, middle dense, and middle liquid—were de- 
termined (Table I). The measurements of the outer fluid gave 

TABLE I. 
Effect of Fertility on Relative High Frequency Conductivity and Dielectric 


Effect of Various Egg Components.1 
(at F = 15 megacycles) 


Conductivity Dielectrie Effect 
> Sa = 
galy. scale readings dial scale readings 
Egg r : a ; : Sy 
components Infertile Fertile %diff. Infertile Fertile ™% diff. 
Layers of albumen: 
Outer liquid 16.15 14.10 — 14.5 78.15 76.05 — 2.1 
Middle dense 17.03 15.90 — 13.4 77.40 76.43 —1.3 
Middle liquid 12.35 11.15 — 10.8 74.10 71.70 — 3.4 
Yolk 20.20 20.42 + 1.1 69.22 69.13 — 0.13 


1 Based on the observations of 28 dissected eggs in equal numbers of fertile 
and infertile. is 
2 Romanoff, A. L., and Sullivan, R. A., Ind. and Eng. Chem., 1937, 29, 117. 
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substantially the same values as the middle dense layer for con- 
ductivity and dielectric effect. On the other hand, the middle fluid 
showed a considerably lower value of conductivity than any of the 
other parts of the egg, while its dielectric effect lay about midway 
between those of the yolk and middle dense albumen. 

These data indicate that the difference between the fertile and 
infertile egg in relation to conductivity and dielectric effect occurs 
principally in the albumen. The conductivity of fertile eggs was 
7.4% lower than that of infertile eggs. The dielectric effect showed 
tendencies in favor of fertile eggs, but the differences were ex- 
ceedingly small and of the same order of magnitude as the probable 
error. The values for the yolk showed no appreciable difference 
between fertile and infertile eggs. 

Summary. The apparatus and methods for the precise measure- 
ments of small differences in the high frequency conductivity and 
dielectric effect of the intact egg and samples of the contents of the 
egg have been described. 

The relative conductivity and dielectric effect of the intact egg at 
frequencies of 27.3 and 54.6 megacycles gave results indicating that 
fresh infertile eggs have a higher conductivity and a tendency 
towards lower dielectric constant than fertile eggs. 

In dissected eggs the difference between the fertile and infertile 
egg in relation to conductivity and dielectric effect was observed to 
occur principally in the albumen. The conductivity of the albumen 
of fertile eggs was 7.4% lower than that of infertile eggs. 

The conductivity values for various parts of the egg were maxi- 
mum at about 15 megacycles. There was no frequency dependence 
for the percentage separation between yolk and albumen over the 
range from 2 to 60 megacycles. 
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An Improved Capillary Microrespirometer. 


JULIAN TopiaAs AND R. W. GERARD. 
From the Department of Physiology, University of Chicago. 


Instruments for the measurement of tissue and cell respiration 
have steadily moved, since the introduction of Warburg’s convenient 
manometer, in the direction of smaller volume and greater sensi- 
tivity. Gerard and Hartline’ took advantage of the greater stability 
afforded by reducing the tissue chamber of a volumeter to capillary 
dimensions (0.5 to 1.2 mm diameter) and having this inside the 
relatively large “‘differential” chamber. Index drop movements, 
followed with an ocular micrometer, were consistent over 5-minute 
intervals, even when corresponding to volume changes of about 0.01 
cmm. The diver technique, introduced by Linderstrom-Lang,” ? 
is of the same order of sensitivity and consistency; and the electrical 
method* gives promise of superior performance. 

We have further developed the capillary method so that it is con- 
venient to follow the respiration of 10 tissue samples at once, and 
it is possible to measure absolute gas volume changes of 0.001 cmm, 
minute by minute, with an error of some 8% minute by minute, 
under 1% for longer intervals. The respiration even of bits of 
frog sciatic nerve weighing a fraction of a milligram can thus be 
followed at half-minute intervals. 

The tissue chamber, also containing filter paper bits soaked with 
acid or alkali and separated from each other and the tissue by dry 
paper guards, is a short length of capillary of 1.2-1.5 mm internal 
diameter. The “open” end of this, after the insertion of materials, 
is plugged with plasticine. Into the other end has been cemented a 
fine drawn capillary of about 0.2 mm diameter. At the close of the 
experiment, this capillary is broken off and its end diameters ac- 
curately measured by end on examination with an ocular microm- 
eter. Several such units are mounted on a central rod extending 
from a glass stopper, which ultimately fits into a glass container 
to provide a completely closed system. This is then immersed in a 
thermostat with the capillaries horizontal, and the whole is rotated 
about its long axis so that one or another capillary is brought into 


1 Gerard, R. W., and Hartline, H. K., J. Cell. and Comp. Physiol., 1934, 4, 141. 

2 Linderstrém-Lang, K. L., Nature, 1937, 140, 108. 

3 Boell, E. J., Needham, J., and Rogers, V., Proc. Roy. Soc., Series B, 1939, 
127, 322. 

4 Davies, P. W., and Brink, F., Proc. Am. Physiol. Soc., 1941, 69. 
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the field of a long focus horizontal microscope. A droplet of syn- 
thetic isodecane (2,7 dimethyl octane kindly given us by Dr. 
Goldsby) is placed at the open end of each small capillary before 
the system is closed. While the system is reaching temperature 
equilibrium the droplets are drawn well in from the tube tip, where 
they otherwise tend to be held. 

With such fine capillaries the usual index fluids—purified kero- 
sene, mineral oil, xylol, and Ringer solution—proved unsatisfactory, 
although with capillaries of about 1 mm diameter Ringer solution 
serves well. (Incidentally, several samples of kerosene showed con- 
siderable evaporation and attendant pressure changes.) To control 
possible constant errors, an absolute calibration of amount and 
speed of response was made by altering the pressure in the outside 
chamber in a known manner. The drop movement was found to 
measure the theoretical volume change within the accuracy with 
which this latter was known (5%); and to reach its final position, 
even after large movements, within a few seconds. 

In each experiment, capillaries, with and without reagents, served 
as thermometric controls; but their droplets rarely moved after the 
initial attainment of temperature equilibrium. The other tubes, 
containing tissue, manifested a steady and smooth oxygen consump- 
tion which usually fell slowly and continuously with time. Over 
time intervals of 10 minutes or more, the accuracy of readings was 
better than 1%; and variations in Qo, from one tissue sample to 
another are attributable to differences in the samples. Actually the 
reliability of Qo, values is limited by the accuracy of estimation of 


TABLE I. 


Micrometer divisions moved 
in successive intervals 


Tissue Amount (1 div. = 0.004 mm) Qos 
Whole blood 4.  emm (es (Ds lk, Bad, Uc 30 
(60 sec. inter.) 
Sciatic 0.62 mg 3.6, 2.4, 2.3, 2.6 70 
(60 see.) 
Brain O69 11.0, 13.0, 12.0, 13.0, 442 
15.6, 14.4, (30 sec.) 
No. exp. 7 
averaged 90 min. 150 min. 
Primordium = 
Palii 16 530 449 
Cerebellum ia 462 359 
Ant. Olfactory 8 440 352 
Nue. 
Ventral Off. 6 457 378 


Bulb 
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the amount of respiring material. Weighing a half milligram of 
tissue, even on a semi-micro balance, permits a considerable per- 
centage error; but forcing the tissue into a capillary and measuring 
its volume gives promise of greater accuracy. That the injury 
attendant upon the initial dissection is not a constant source of error 
is shown by the essentially similar values obtained from samples of 
large and small fragments of the same type of tissue. Such tests 
likewise indicate an adequate gas diffusion and absorption. 

Some actual respiration values obtained on frog blood and 
nervous tissue, and the reliability of individual readings, are in- 
dicated in the tables. 
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Anti-sulfapyridine and Anti-sulfathiazole Effect of Local 
Anaesthetics Derived from p-Aminobenzoic Acid. 


A. K. Keitcu, Linvitte A. Baker, M. E. Krauu, anno 
G. H, AXCLrowss: 


From the Lilly Research Laboratories, Indianapolis, Indiana. 


It was shown by Woods’ that the bacteriostatic effect of sulfa- 
nilamide or sulfapyridine on hemolytic streptococci in vitro could 
be blocked by small concentrations of p-aminobenzoic acid. Also 
the diethylaminoethyl ester of p-aminobenzoic acid, used as a local 
anaesthetic under the names ‘Novocaine’ or ‘Procaine,’ was almost 
as strongly anti-bacteriostatic as p-aminobenzoic acid itself; in con- 
centrations of 5.8x10°M these compounds could suppress the 
effect of 3.03 x 107M sulfanilamide. 

Owing to the increasing local and systemic use of sulfonamides 
in treatment of wounds and in surgery where local anaesthetics are 
concurrently employed, it appeared of interest to determine first, 
whether or not the anti-bacteriostatic effect of “Novocaine’ could 
be obtained with other local anaesthetics and, secondly, whether or 
not local anaesthetics which were not p-aminobenzoic acid deriva- 
tives would exhibit an anti-bacteriostatic effect similar to that of 
‘Novocaine.’ To this end, 7 local anaesthetics derived from p- 
aminobenzoic acid and 9 local anaesthetics not derived from 
p-aminobenzoic acid have been tested 1m witro for their ability to 


1 Woods, D. D., Brit. J. Exp. Path., 1940, 21, 74. 
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TABLE I. 
Effect of 7 Local Anesthetics Derived from p-Aminobenzoic Acid (Nos. 2-8) and 9 Local 
Anesthetics not Derived from p-Aminobenzoic Acid (Nos. 9-17) on Bacteriostasis of B. colt 
by Sulfapyridine. The Bacterial Population after 24 hr of Growth is Expressed in Terms of 
Photoelectric Density Readings; a Reading of 100 Represents Approximately 1 Billion Organ- 
isms per cc; a Reading of 300 Represents About 6 Billion Organisms per cc. 


Growth in various molar conc. 
of Sulfapyridine 


Local Cone. local — ———_—__——, 
Anesthetic anesthetic 0 292x104 8x104 3.2x103 


moles per 1 


1. p-Aminobenzoic Acid 0 356 114 109 83 
(Not an anesthetic— 10-6 874 159 91 
used as control) 10-5 351 337 305 
10-4 375 348 308 
2. g-Diethylaminoethyl-p-amino- 0 356 114 109 83 
benzoate ‘Novocaine’ 10-5 251 96 90 
10+ 348 229 109 
10-3 383 372 359 303 
3. y-Dimethylamino-a, @-dimethylpropyl- 0 356 114 109 83 
p-aminobenzoate 10-5 364 133 92 
104 355 350 261 
10-8 362 338 335 343 
4. --Diethylamino-g,6-dimethylpropyl- 0 356 114 109 83 
p-aminobenzoate 10-5 113 87 80 
10-4 279 94 78 
10-3 362 341 268 119 
5. g-Diethylaminoisohexyl-p-amino- 0 378 107 
benzoate 10-6 101 
10-5 175 
10+ 334 
10-3 359 353 
6. -y-Dibutylaminopropyl-p-amino- 0 378 107 
benzoate 10-5 106 
10-4 172 
10-3 353 326 
7. g-Dimethylaminoethyl-p- 0 378 107 
butylaminobenzoate 10-4 100 
10-3 355 176 
8. Ethyl-p-aminobenzoate 0 360 103 
104 106 
10-3 328 147 
9. -+-(2-Methyl-piperidino) -propyl- 0 356 114 109 83 
benzoate 10-5 106 86 81 
10-4 106 81 83 
10-8 359 136 83 80 
10. y-Diethylaminopropyl cinnamate 0 356 114 109 83 
10-5 139 88 75 
10+ 115 84 82 


10-3 340 117 74 62 


alate 


13. 


14. 


15. 


16. 


ie 
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TABLE I. (Continued). 


Growth in various molar cone. 


of Sulfapyridine 


Loeal Cone. loeal — ——, 
Anesthetic anesthetic 0 Zoe Gecid=! 32) xe 
moles per 1 
2-Butyloxyquinoline carboxylic acid- 0 356 114 109 83 
4-diethylethylenediamide 10-5 100 96 78 
10-4 113 80 78 
10-3 358 106 17 22 
Piperidinopropanediol-di- 0 360 103 
phenylurethane 10-4 94 
10-5 106 
104 108 
10-3 218 
Ethenyl-p-diethoxydiphenylamidine 0 378 107 
10-5 93 
10-4 105 
10-3 383 68 
4-Benzoxy-2,2,6-trimethylpiperidine 0 378 107 
10-5 100 
104 101 
10-3 357 102 
2-Benzoxy-2-dimethylamino- 0 360 103 
methyl-1-dimethylaminobutane 10-5 114 
10-4 96 
10-3 360 116 
2-Benzoxy-2-methyl-1-dimethylamino- 0 360 103 
butane 10-5 113 
10+ 114 
10-3 348 111 
Cocaine 0 360 107 
10-5 91 
10+ 95 
10-3 371 113 


counteract the bacteriostatic action of sulfapyridine on B. coli grown 
in the simple medium of Kalmanson and Bronfenbrenner.? 

Three local anaesthetics derived from p-aminobenzoic acid and 
3 local anaesthetics not derived from p-aminobenzoic acid were also 
tested for their ability to counteract the bacteriostatic action of 
sulfathiazole on B. coli in the Kalmanson and Bronfenbrenner me- 
dium and of sulfathiazole on Staphylococcus aureus grown in an 
artificial medium. The Lewis strain of B. colt, and Strain 679 of 
Staphylococcus aureus, originally obtained from Dr. H. M. Powell, 
were employed as test organisms. 

For the B. coli experiments, each culture tube received 2 cc of 
Kalmanson and Bronfenbrenner’s solution A and 2 cc of solution 


2 Kalmanson, G., and Bronfenbrenner, J., J. Gen. Physiol., 1939, 23, 203. 
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B, followed in order by 2 cc of sulfapyridine solution in sterile dis- 
tilled water and 1 cc of local anaesthetic solution in sterile distilled 
water to give the concentrations shown in the tables, 0.4 cc of sterile 
glucose solution to give a final concentration of 2.5 mg per cc, and 
sterile distilled water to make 7.9 cc. An inoculum of 0.1 cc 
(5 x 10° organisms) of 24 hr culture of B. coli in the simple medium 
was added, the inoculated tubes then being incubated at 38°C. 
Under these conditions, the original inoculum of 6 x 10° organisms 
per cc increased to a maximum of about 6x 10° organisms per cc in 
8 to 10 hours, remaining virtually constant thereafter. The extent 
of growth was estimated, after 24-hour incubation, by photoelectric 
density readings on an Exton Scopometer, the instrument having 
been calibrated by making density readings on suspensions of known 
population. A density reading of 100 corresponds to a count of 
approximately 1 x 10° organisms per cc, a reading of 300 to ap- 
proximately 6x 10° organisms per cc. Though complete suppres- 
sion of growth by sulfapyridine can be obtained by use of smaller 
inocula, the present conditions were deliberately selected to enable 
sulfapyridine and sulfathiazole to exhibit a pronounced bacterio- 
static effect at a concentration of the same order as that which 
usually prevails in the blood of animals given therapeutic doses of 
the drug. 

For the Staphylococcus aureus experiments, the artificial medium 
contained the following materials per cc: 18 amino acids, in ap- 
proximately the ratio of hydrolysed casein,® to give a total final 
concentration of 2 mg; glutathione, 100 »g; pantothenic acid, 10 pg; 
nicotinamide, 50 wg; thiamine, 10 pg; Naz HPO, 1.6 mg; MgSO, 
K,SO,, CaCl, each 0.16 mg; NaCl, 1.6 mg; NaHCO,, 0.8 mg; glu- 
cose, 10 mg. The Staphylococcus aureus, which had been cultivated 
on agar slants, was inoculated into beef extract broth and allowed to 
grow 16 hr at 38°C. This bacterial suspension was then diluted 
1:10 with the artificial medium and 0.1 cc of the diluted suspension 
was transferred to 7.9 cc of the artificial medium under test. This 
inoculum of approximately 5x 10° organisms per cc increased to 
a maximum of approximately 12 x 10° organisms per cc in the test 
period of 48 hr. 

All the local anaesthetics were commercial samples procured on 
the open market; they were all used in the form of their hydrochlor- 
ides. Where necessary, the conversion of the commercial samples to 
the pure hydrochlorides was made in this laboratory; the authors 
are indebted to Dr. E. C. Kleiderer for his collaboration in such 


purification. 


3 Wooley, D. W., and Hutchings, B. L., J. Bact., 1940, 39, 287. 
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Typical results with each of 16 local anaesthetics alone and in 
conjunction with sulfapyridine are shown in Table I. It will be 
noted that each of the 7 p-aminobenzoic acid derivatives partially or 
completely blocked the bacteriostatic effect of the sulfapyridine; the 
blocking effect was reduced but not eliminated by substitution in the 
amino group or esterification of the carboxyl group of p-amino- 
benzoic acid. None of the 9 local anaesthetics not derived from 
p-aminobenzoic acid displayed any antagonism to the sulfapyridine. 
In these experiments, p-aminobenzoic acid could counteract the 
effect of approximately 200 to 500 molecular equivalents of 
sulfapyridine; from Table I the corresponding ratios for local 
anaesthetics nos. 2, 3, and 4 were, respectively, approximately 20, 
40, and 2. 

Each of the 3 p-aminobenzoic acid derivatives blocked the action 
of sulfathiazole; none of the non-p-aminobenzoic acid derivatives 
displayed any antagonism to sulfathiazole (Table II). 

Summary. Each of 7 local anaesthetics derived from p-amino- 
benzoic acid partially or completely blocked the im zttro bacterio- 
static effect of sulfapyridine upon a strain of B. coli grown in a 
simple medium. None of 9 local anaesthetics not derived from 
p-aminobenzoic acid displayed any antagonism to the sulfapyridine. 
Each of 3 local anaesthetics derived from p-aminobenzoic acid 
blocked the bacteriostatic effect of sulfathiazole on B. coli and 
Staphylococcus aureus. None of 3 local anaesthetics not derived 
from p-aminobenzoic acid displayed any antagonism to the sulfa- 
thiazole. 


13199 
The Assay Recovery of Prothrombin Added to Plasma. 


Joun H. FEercuson. 
From the Department of Pharmacology, University of Michigan, Ann Arbor. 


In the promulgation of current methods of prothrombin assay” ? 
there has been some investigation of plasma dilutions but no direct 
experiments to show the ability to recover prothrombin added to 
plasma. This is important in connection with the possibility that 


1 Quick, A. J., J. Am. Med. Assn., 1938, 110, 1658. 
2 Brinkhous, K. M., Medicine, 1940, 19, 329. 
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clot-inhibitors*® may complicate the interpretation of the assay. 
It is recognized, for instance, that heparin interferes with pro- 
thrombin determinations® and heparin can act both as an antipro- 
thrombin® and as an immediate antithrombin,’ in the presence of the 
respective plasma co-factors. The natural antithrombins also 
include a progressive thrombinolytic factor.* As an example of the 
kind of interference which may be expected, it has recently been 
found that a series of prothrombin dilutions, subsequently activated 
with Ca** and brain thromboplastin, gives more than the theoretical 
thrombin yield, as determined from the clotting-times for purified 
fibrinogen, using a similar dilution series of the same (full-strength) 
thrombin as the standard of reference.® In the absence of equiva- 
lence it is, of course, impossible to assay prothrombin both in terms 
of an arbitrarily fixed clotting-time and a definite thrombin dilution 
value. Inherent in the clinical tests is a false assumption that in- 
hibitors do not influence the results obtained. Actually, there must be 
a role for the natural inhibitors of the types mentioned. The Iowa 
workers’ recognized only the progressive antithrombins and suc- 
ceeded in controlling these by dilution. It is an unproved as- 
sumption that immediate antithrombins and antiprothrombins do 
not interfere with the prothrombin assay. In the following experi- 
ment, in which a prepared prothrombin is assayed in the presence of 
plasma, these problems are readily brought to test. 

Assay of Prothrombin and Plasma. Method. A Howell-type 
prothrombin solution’ is converted into thrombin by the use of 1/20 
vol. N/10 CaCl, and a similar amount of saline emulsion of frozen 
dog brain (thromboplastin). The thrombic mixture is held at 
10°C and 0.5 cc samples tested (A) at the cited intervals, by timing 
the clotting after adding to 1.0 cc fibrinogen (temp. = 37°C, pH = 
7.5). Similar tests are made on citrated dog plasma which has been 
heated to 56°C, to defibrinate, and diluted with 0.9% NaCl. Data 
are given for several dilutions of prothrombin and plasma and mix- 
tures of both. 

Either the full-strength thrombin or that from the diluted pro- 
thrombin (activated) can be used as the standard of reference. 
Serial dilutions of the thrombin are made and the clotting-times 
for fibrinogen, under the above uniform conditions, are used for 


3 Ferguson, J. H., Am. J. Physiol., 1940, 130, 759. 

4 Glazko, A. J., and Ferguson, J. H., J. Gen. Physiol., 1940, 24, 169. 
5 Glazko, A. J., and Ferguson, J. H., Am. J. Physiol., 1941 (in press). 
6 Ferguson, J. H., and Glazko, A. J., Am. J. Physiol., 1941 (in press). 
7 Ferguson, J. H., J. Lab. Clin. Med., 1938, 24, 273. 
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the reference curve (B). The optimal clotting-times for the pro- 
thrombin and plasma activation series are referred to the thrombin 
dilution curve, preferably plotted as reciprocal C. T. [r = 1000 = 
C. T. (seconds)] against percentage concentration (in terms of 
original strength). This gives the “recovery”’ values cited in C. 

Data (Table 1). Exp. 2. The increase (to 16%) over the 
theoretical (10%) is due to dilution of natural antiprothrombin, 
according to the interpretation previously submitted.’ Exp. 3, 4, 6 
In these cases, the 5-minute test is already past the optimum potency 
because of thrombic destruction by progressive (serum-) antithrom- 
bint The true equivalence, therefore, is greater than the figures 
obtained from the clotting-times. 

Exp. 6. The apparent inactivation rate is slower than in Exp. 4, 
presumably due to the greater thrombin yield because of the added 
prothrombin. Even allowing for the uncertainty due to the presence 
of progressive antithrombin, there is an excess over the theoretical 
which points to a natural antiprothrombin in the plasma. Exp. 7, 8. 
Here the plasma dilution (50-100 x) is sufficient to ensure a stable 
thrombin (1. ¢., practically no progressive antithrombin). When 
the antiprothrombic factor is allowed for, by using the referred (cor- 
rected) thrombin equivalent, the “recovery” values check perfectly. 
They are practically as good, wiz. 116 (117) and 85 (84.5) if the 

TABLE I. 


‘“Recovery’’ of Prothrombin Added to Diluted Plasmas. 
A. Activation Curves (10°C). Clotting-times (sec.) at 37°C. pH = 7.5. 


AN Source of thrombin oO” 15’ 30! 60’ 
il. Prothrombin (1:1) ay oe ey 9” 
Ds AG (1:10) 1207 35” 30” Som 
a *Plasma (1:1) og 25” 15m 1800” 
4. 2 GEO) 1B TS PPA 3D 
bay. ae 02 (1:100) 235m 40” 40” 40” 
6. ae (1:10) + Pro. (1:10) 12 15” 18” 28” 
Te ee (1:50) + Pro. (1:5) 80” BEY 34” 34” 
8. Ee) Baa (1:100) + Pro. (1:10) 220 le 21” ede 


* Plasma defibrinated by heating (56°C). Equal volumes of plasma and 
prothrombin (Pro.) were mixed in 6, 7, 8. 


B. Thrombin (T,) Dilution Curve — standard of reference. 


Dilution Weal 1:2 1:4 1:8 LG 1:32 1:64 
Clotting-time aye 14” 22” 35” 52” 80” Laeye 


C. Prothrombin ‘‘Recovery’’ (Thrombin Percentage) : 
Theoretical values in parentheses. 


1. 2. a. 4, 5. 6. We cy 
Yo 100 16(10) >100 >65 10 >65(>40) 26(26) 13(13) 
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1:10 (pro) thrombin is used as the starting point for the standard 
of reference. On another occasion, the prothrombin “recovery” 
(theoretical in parenthesis) in 2 similar experiments gave (a) 
SU 7065 ).90D 705 (70). 

Comment. In spite of the demonstrated possibilities of inter- 
ference by clot inhibitors, the ability to obtain such excellent pro- 
thrombin recovery shows that these inhibitors are under control, 
notwithstanding the empirical nature of the assay method. The 
data confirm the Iowa workers’ observation’ that dilution removes 
the effects of progressive antithrombins. Immediate antithrombins® 
and antiprothrombins® do not interfere, although they are undoubt- 
edly present. The latter, indeed, are demonstrated by analysis of 
the data. Consideration of the reference standard suggests an ex- 
planation. The comparisons are made on the basis of clotting-times. 
Thus the arbitrary thrombin ‘percentage’ assumes a new signifi- 
cance in that it 1s automatically corrected for differences in the 
equivalence of thrombin and prothrombin. The only remarkable 
point is that the same correction seems to hold for diluted plasma 
and the prothrombin, which was prepared some weeks previously 
from another animal. The values obtained, of course, are not 
strictly measures of prothrombin in terms of thrombin but rather 
in terms which tacitly include variables imposed by the inhibitors 
present in both. It is justifiable to conclude that the natural inhibitors 
do not vary under the circumstances investigated. However, this 
might not hold under other conditions and it is conceivable that 
certain clinical anomalies of “prothrombin” clotting-times may 
reside, not in the prothrombin per se, but in the associated inhibitor 
variables. These conditions obtain in heparinized plasma and it is 
highly improbable, on the basis of recently published studies” ° that 
they can be overcome by simple dilution or the excess of thrombo- 
plastin, upon which the modern prothrombin methods essentially 
depend. 
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SECRETARY’S REPORT 
April 1, 1940-March 31, 1941 


The annual meetings of the standing committees of the Society were 
held April 18, 1941. These included Membership Committee, Board of 
Editors, Council, and Section Secretaries. 


Finances. There was no deficit for the fiscal year 1940-41. For the next 
year we expect both increase in costs of publication and decreased income 
from foreign subscribers, and the inability of foreign members to pay their 
annual dues. To meet this situation the Council voted to imcrease the dues 
of members from $4.00 to $4.50. During the past year members have been 
charged for excess space 50% of cost. It is hoped that the increased dues 
may make it possible to charge members at less than 50% of cost. 


Membership. Applications for membership are transmitted by mail to 
the nine members of the National Membership Committee. Each applicant 
is nominated by one of the nine largest sections of the Society. If the Com- 
mittee is not unanimous, but more than two-thirds of the Committee approve, 
the application is reconsidered by the Committee both by mail and at the 
annual meeting. Such applications are then considered by the Council. If 
approved all applicants are immediately notified. For this procedure to be 
consummated it is necessary for applications to be in the Secretary’s office 
by December 15. One hundred and eleven applications were approved 
April 18, 1941. 


Doctors C. M. Jackson, H. S. Jennings, and R. Hunt were elected 
members emeritus. 


The following resignations were accepted with regret: Doctors L. Baker, 
C. Binger, G. E. Coghill, H. Downes, C. Hartman, H. S. Reichle, and R. 
Tunnicliff. 


Six members (in the U. S.) were declared in arrears and dropped from 
the membership list. 


Foreign members find considerable difficulty either on account of ex- 
change rates or inability to send money out of their country. The Council 
voted that (1) members outside the U. S. shall not be dropped for arrears this 
year. (2) The PROCEEDINGS will be sent to members outside the U. S. with 
or without payment of dues, for the coming fiscal year. It is hoped that 
our finances at the end of the year may make it possible to help our colleagues 
abroad further. 


South American Scientists. The Council voted that (1) our present 
procedures provide adequate methods for election to membership of prop- 
erly qualified scientists in South American countries. (2) Since there is no 
adjoining Sectional Membership Committee, such applications shall be re- 
ferred for endorsement to a committee of members selected by the President 
and Secretary. This Committee shall have knowledge of conditions and of 
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workers in South America. (3) The Society is not ready to initiate steps to 
form a Section outside the United States. 


Nomination of National Officers. In accordance with the by-laws The 
Council nominated the national officers to serve for the next two years. 
These nominations were based on the principle proposed by the Editorial 
Board that each editor should serve for not more than five years in any one 
term, thus providing a healthy rotation of office. The Council wished to 
express its and the Society’s appreciation of the splendid work of such 
retiring editors by nominating them as national officers. The Council nomi- 
nated the following: 

President, W. deB. MacNider, W. J. Meek; Vice-President, C. H. Dan- 
forth, S. B. Hooker, A. M. Pappenheimer; Secretary-Treasurer, A. J. Gold- 
forb; Council Members at large, D. W. Bronk, E. M. K. Geiling, A. B. 
Hastings, J. M. Hayman, Jr. 


The President appointed Doctors L. G. Barth, W. H. Chambers, W. 
Etkin, M. Gregersen and L. T. Webster as Board of Tellers. They found a 
very close vote. They report the following elected: 


President W. deB. MacNider 
Vice-President C. H. Danforth 
Secretary-Treasurer A. J. Goldforb 
Council K. M. K. Geiling 


A. B. Hastings 


Rocky Mountain Section. Application to form a new Section near 
Denver, Colo., to be known as the Rocky Mountain Section was approved. 


Advisory Committee. Since the officers of the Society are so centralized 
and spread over large distances, and since under war conditions a group 
judgment and prompt action have been and may well be necessary, the 
Council voted to appoint a committee to consult with the Secretary-Treasurer 
in emergencies. The following were appointed: Doctors H. S. Gasser, H. W. 
Smith, P. E. Smith. 


Changes in the By-Laws. These changes, relatively minor, but desirable 
in view of our experience, were approved by a committee on recommendation 
of the Council, and submitted to the members by mail and approved. 


Change in Format of ProcerpinGs. It was proposed, chiefly for re- 
duced cost, to publish the PRocEEDINGs in two columns per page. The matter 
was referred to a committee for further study. 


The officers on behalf of the Society wish to express their appreciation 
of the splendid codperation of : 


Dr. Emil Baumann (member) for the care and accuracy, and high merit 
of the indices of the PRocrepines for the past academic year. 

Mr. H. G. Friedman (non-member) for continuous and expert advice on 
the investments of the Society, during a particularly difficult year. 

Mr. Wilham Girden (non-member) for expert advice on non-legal 
phases of our mortgages. 


Mr. Leon Leighton (non-member) for advising on legal phases in con- 
nection with mortgages owned by the Society. 
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Past OFFICERS 

Date President Vice-President Secretary Treasurer 
1903-04 S. J. Meltzer W. H. Park W. J. Gies G. N. Calkins 
1904-05 S. J. Meltzer J. Ewing ‘ 2 2 
1905-06 E. B. Wilson E. K. Dunham Wy 2” 7 » 
1906-07 S. Flexner E. K. Dunham 2 2 7 22 
1907-08 S. Flexner T. H. Morgan iy my % ae 
1908-09 F. S. Lee T. H. Morgan dd a G. Lusk 
1909-10 F. S. Lee W. J. Gies Beate Opie ee 
1910-11 T. H. Morgan W. J. Gies ? 2 oH " 
1911-12 T. H. Morgan P. A. Levene G. B: Wallace 7” 
1912-13 J. Ewing P. A. Levene ey we: C. Norris 
1913-14 J. Ewing C. W. Field H. C. Jackon Ly eked 
1914-15 G. Lusk W. J. Gies Wy 2 J. R. Murlin 
1915-16 G. Lusk G. N. Calkins H. C. Jackson 
1916-17 J. Loeb W. J. Gies ue 2 
1917-19 W. J. Gies J. Auer 72 2% 
1919-21 G. N. Calkins G. B. Wallace - 
1921-23 G. B. Wallace J. W. Jobling ne 2 
1923-24 H. C. Jackson J. W. Jobling V. C. Myers 
1924-25 H. C. Jackson J. W. Jobling A. J. Goldforb 
1925-27 J. W. Jobling S. R. Benedict ie ry 
1927-29 S. R. Benedict P. Rous i sr 
1929-30 P. Rous D. Marine f fe 
1930-31 P. Rous D. J. Edwards 2 3 
1931-32 D. J. Edwards A. R. Dochez # 2 
1932-34 A. R. Dochez E. L. Qpie y He 
1934-36 E. L. Opie P. E. Smith x fe 
1936-37 P. E. Smith E. F. DuBois # a 
1937-39 H. S. Gasser J. T. Wearn a % 
1939-40 J. T. Wearn C. D. Leake H 3 
1940-41 J. T. Wearn C. D. Leake 2B uy 


Chairman: E. Megyrail. 


SectionaL Mretincs aNnD MEMBERSHIP 


Cleveland, Ohio 
Secretary: W. E. Hambourger. 


Members: 


Meetings: Western Reserve University, November 8, 1940 
December 13, 1940 
January 10, 1941 
February 14, 1941 


March 14, 1941 
April 11, 1941 


District of Columbia 
Chairman: D. B. Jones. Secretary: H. M. Dyer. Members: 46. 
Meetings: U. S. Public Health Service, December 5, 1940 
February 6, 1941 
George Washington University, April 3, 1941 
Cosmos Club, June 12, 1941 


Illinois 
Chairman: K. K. Jones. Secretary: A. Weil. Members: 136. 
Meetings: University of Illinois Medical School, October 22, 1940 
University of Chicago, December 10, 1940 
Northwestern University, January 21, 1941 
University of Chicago, March 4, 1941 
May 20, 1941 


43. 
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Chairman 
Meetings: 


Chairman 
Meetings: 


Chairman 
Meetings: 


Chairman 
Meetings: 


Chairman 
Meetings: 


Chairman 
Meetings: 


Chairman 
Meetings : 


Chairman: 


Meetings: 
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Iowa 
: E. G. Gross. Secretary: T. L. Jahn. Members: 37. 
State University of Iowa, February 27, 1941 

May 9, 1941 


Minnesota 
: F. H. Seott. Secretary: F. H. Scott. Members: 49. 
University of Minnesota, November 20, 1940 
January 15, 1941 
March 19, 1941 
May 21, 1941 


Missouri 
: A. S. Gilson, Jr. Secretary: W. H. Griffith. Members: 54. 
Washington University Medical School, October 9, 1940 
St. Louis University Medical School, November 13, 1940 
Washington University Medical School, February 12, 1941 
St. Louis University Medical School, March 12, 1941 
Washington University Medical School, May 14, 1941 


New York 
: J. C. Hinsey. Secretary: P. Reznikoff. Members: 453. 
Rockefeller Institute, November 13, 1940 
Memorial Hospital, February 26, 1941 
New York Academy of Medicine, May 14, 1941 


Pacific Coast 
: C. A. Kofoid. Secretary: C. Weiss. Members: 100. 
Stanford Lane Hospital, December 4, 1940 
University of California, February 5, 1941 
Mount Zion Hospital, March 6, 1941 
Stanford University, May 3, 1941 


Peiping, China 
: A. B. Fortuyn. Secretary: F. T. Chu. Members: 32. 
Peiping Union Medical College, February 12, 1941 


Southern 
: A. E. Casey. Secretary: W. A. Sodeman. 
Tulane University, November 1, 1940 
Louisiana State University, December 20, 1940 
Tulane University, February 7, 1941 
Louisiana State University, May 23, 1941 


Members: 41. 


Southern California 
KE. Bogen. Secretary: M. S. Dunn. Members: 42. 
University of Southern California, October 10, 1940 
Occidental College, Los Angeles, December 11, 1940 
Pasadena, Calif., June 20, 1941 


is 
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Western New York 
Chairman: E. F. Adolph. Secretary: H.C. Hodge. Members: 59. 
Meetings: N. Y. State Agri. Exp. Station, October 19, 1940 
University of Rochester, December 14, 1940 
Clifton Springs Sanitarium, February 15, 1941 


Wisconsin 


Chairman: R. M. Meyer. Secretary: H. P. Rusch. Members: 40. 
Meetings: Marquette University, April 4, 1941 


MEMBERSHIP 
DROP) ORS gp BG Wie WON B27 eee 8a A cn ea reo AS Cw Seen ea) 1465 
ETOP Ch otk CUAL? 5 COT ct ee SO eee ge ee ea ee 100 
A MOY RM ee ce Eo ee ie 5 tye ae mee er Be ae re ee eg ea ap 1565 
PERETTI eR GLO 11S (eae eee ace ae I ere oe ns Er Ok ee ree ae 3 
PES) Se cy eee ec Marae ces, See Seed VIA , Med ee Oe ee SL 13 16 
ote leNemserss niyo eer tie Tee 4" | eee mies Sele res steerer rent eee 1549 
Membership: 1931 1941 
1062 1549 
Deabnertstions: a Miare (3 p04 Wy cee eee kas ence tae eae eee 614 


DEATHS OF MEMBERS 
The Council records with regret the deaths of the following members: 
Doctors F. G. Banting, E. C. Dickson, J. G. Dusser de Barenne, C. P. Fitch, 
J. G. Fitzgerald, G. K. Noble, R. Pearl, D. G. Richey, M. S. Rose, and 
H. Zinsser. 
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TREASURER’S REPORT 


April 1, 1940-April 1, 1941 


Balance on hand, April 1) 1940 e52 ne ee $ 4,756.42 
Income 
D@S: ect See cc eee ew ee oer $ 6,347.10 
Reprints? it Seg ee 3,975.96 
Sp aee .2gesaircas.cetet ne ee 2,804.90 
Cutern at ee eer 743.97 
Changes) ik... 5 een ee ee 49.63 
SUDSCEMPTLONS, e_c.ctetee aoe ee 5,066.86 
Back 3NGs 12.4041 258 oe ee ee 705.50 
Interest from special account and mise.............-..- 21.79 
$19,715.71 
Transfer of interest from Surplus and Endowment 
PUnS® 2.522 see ee eS 800.24 
Endowment Fund Temporarily in Corn Exchange Bank 515.20 
Total Cash Available, April 1, 1940-April 1, 1941... $25,787.57 
Disbursements 
TEA ANOWINE ee ict deadbeat Dee $11,033.54 
REPTitits ok oS oh rs ee coh ee 4,085.25 
CUES a feist high LR neh he ke fe eee ee 1,030.28 
$16,149.07 
Office Supplies, Postage and Telephone................. 830.41 
Balary tS sccu ete as ce alc ete cece 2,205.00 
Storagecand « nsurance pee ween ee 74.75 
MURS a a oh bates tack eee 207.35 
$ 3,317.51 
$19,466.58 
Cash ‘Balance, April 1, 1941.2 ee $ 6,320.99 
$25,787.57 
SUMMARY 
Tneome * (et) ks. n) teeta een a, 2 $19,715.71 
Disbursements i(net)..2...2 Gace ee 19,466.58 


Surplus $ 249.13 


Accounts receivable—$1 566.94 
Accounts payable None 
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FuNpDS 
Endowment Fund 

GA UG rere Bd 2 ts INS RS $17,965.95 

Priteren tno chao ett Shh Oe 15220005 cect eee eget dy as 747.57 
$18,713.52 
Interest transferred to Corn Exchange Bank.................. 300.00 
$18,413.52 

Invested in New York Title and Mortgage Co............... $ 5,760.00 

iitle=Gueranteerand= Trust Conese 2,000.00 

Hawayers, Morioave: Coes 1. ee 1,500.00 

Bowery Sayings, Bank: 2.2... sasce ace 2,991.83 

Ue. savings: Donde 22: vate 1,925.00 

dri dastrial@ Bonde sas. e cot at, Se eee, 3,721.49* 

Temporarily in Corn Exchange Bank........ 515.20 
$18,413.52 

Surplus Fund 

fe Gs TURN 0 OU ea, a a eae ET Ee Pe ROR, $11,424.40 

TR EETES ERGO ACL pl el OA ence seer tai See ene rete 464.93 
$11,889.33 
Interest transferred to Corn Exchange Bank.................. 500.24 
$11,389.09 

Invested in Title Guarantee and Trust Co......0..222..2..----- 2,820.60 

iarlemysayvines sD ane errr eee 769.30 

| Like a Deas 6 ah iregage: GE) Lg) Sorcait rr tele tees Oe ee pe re 1,925.00 

ard stra RB Om cee teece eee teers eee eee 5,874.19* 
$11,389.09 

Life Membership Fund 

Invested in R. R. Federal Savings and Loan.................. $ 75.00 


* Cost values. 


Auditors’ Report 
June 6, 1941 
We the undersigned have this day examined the Treasurer’s report and 
find it to agree with the books of the Society. We believe that the records 
of the financial transactions are accurate and in good order. 
(Signed) Istpor GREENWALD 
McKeen CatTEeu 
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MEMBERS’ LIST 


Honorary MEMBERS 


Flexner, ‘Stmorincscitescstea,cocnecest catsup cree kenere coetreeen eee enengeee ree Rockefeller Inst. 
Hlowell, | Wil ie Tas sao ose aes tracer cosesey econ eee ee Johns Hopkins Univ. 
Porter, Weert .ce cect secs eceace eoec co tenn te snencacagseete Pasa eee aera nee Harvard Univ. 
Riehet, Charles. scss.icci:.c. scorers cononct coaeness pars tae -cneus eneeeeeest ans eaai meena Paris, France 
Won-*Muller,. Priedy il 2. 2e-.-cceasseesecena: cxesuc nev cnegeee sere tema eae eee Munich, Germany 
MEMBERS 

pramsons (Dstt een eee May Inst. Med. Research, Cincinnati 

PN ove Non, (El, Nee erence Coll. Physicians and Surgeons, New York 
Adote Aretha Ecce fos ese ee eee Northwestern Univ. 
Adams, Ac Hinze et 2iccoee va ccse cet owectecceceseeecs eases eens ee ees Mount Holyoke Coll. 
Adams, Willian © Hic3e.2t 5s cep eco eee Univ. of Chicago 
Addis, “Thorn aig: 20 pt ee 28 ie eee oe nee ee Stanford Uniy. Med. 
IA dlersher:o-apli) seeeeee senna tomers 2 Se er re eee Beth Israel Hosp., N. Y. 
Adolphe Bis eee tee eee ese eee Univ. of Rochester Med. 
Adolph, Ws Tiss ees ee ee eee Peiping, China 
Alexander, ebay: Vises oe tae ee ne ee Washington Univ. 
Allen ms Berine teVissererseeenee cre Ne OS aS eee Univ. of Calif., L. A. 
Allen.) Eidgant:i:3 0 2 ere 0 ee Yale Univ. 
Alert * Wallies pelh yee, cone ceccs cae ct ee ee Univ. of Oregon 
FMCW Gap. erent Sr fo ON ee wee tof Pa N wae O Pasadena, Calif. 
A lim uists Rs Jeo housek secret eae og Univ. of Calif. 
ALi Mower Mis 2cten ates ck epee ace wees ee Northwestern Univ. Med. 
Althausen its Liv ee oer eee eee ne Univ. of Calif. Med. 
Altsetinles . Mi D5 see ten ek Soe ne eee Beth Israel Hosp., Boston 
Altshuler, 5.4 (Seg: 33 ects cctcse se. o pvc cree ney ote eee acter ee ee Wayne Univ. Med. 
AlvarezsaWealter: Ctcc sc... csdaccncaceeicd ae eege ee Mayo Clinic 
PAVE gr X, Silat od ca ce cere la sapec ccleaner Univ. of Chicago 
Amberg, Samed oi.25.05- 5. ccecckevseacwastsst scene Mayo Clinie 
Am be Vso nl) W.Rv8 sete ee eer ee ree ee Univ. of Maryland Med. 
Amoss, Harold Tin0Srciceaccn geet Rockefeller Inst. 
Anderson, Dorothy Els eee eee Coll. of Phys. and Surg., N. Y. 
Anderson! Hiss a. 0. oa cee ee Peiping Union Med. Coll. 
Anderson; Jolinw Miss Totes n SecodRicce lic ote Le ae anaes eee Univ. of Minn. 
Anderson; ‘Joli dic.tes oy. ee eee E. R. Squibb & Son 
Anderson,’ Rudolphe J._2-2:.3... ke cae eee Yale Univ. 
Anderson, jp VWallitam. E1505. csc peach. cc eeteee eee Rockville, Conn. 
Andrews, Pdmywad) 24.00. See Los Angeles, Calif. 
Andrus) <3. Ciacci ei eee Johns Hopkins Univ. 
Andrus Ws, de Wits: 2152-4) 6.-oe et SOee Cornell Univ. Med. Coll. 
Amisbachier,. (Stefancs ox. <c.cecs clots eee New York City 
Antopol,. Walliamty.'<.....21 eee Beth Israel Hosp., Newark, N. J. 
Apperly. Prank i oes eee ee ee Fonscrssnenste sees Med. Coll. of Va. 
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Awmstrone, (Charles 22.2 6. Wa National Inst. of Health, Washington 
GET LO aE Vel ree oe oe es Pe ee Univ. of Ill. 
FoR SOVTES ct AIM Jee ie OD SeRRee ee ee ae Ck OE Henry Phipps Inst. 
Ge ON SRN Rhee EC cee a Ca TRL oh Oe bel PCL EE Cornell Univ. 
HeNo ish JW Crile, Sede se 5 eee ee SUNY Sen ee ence er Berne, Switzerland 
FM EL SFIS iy TERT ET Co 0 age ee ak Ae Se RRP AIC Sy oe Sere Louisiana State Univ. 
ESSSTEPT CG STATE,” AVES SSG 5 Senn a eat SONI ee Cate e) Univ. of Calif. 
CHNG VEN) eV ee ccs ne eet Presbyterian Hosp., N. Y. C. 
PACED 5 LOCTY¢1 8 Ga aeRt ne One Huntington Memorial Hosp., Boston 
a ohcs, 0 EN EE A 2 a Seamer Ae Since ea I RAPE EME ac St. Louis Univ. 
SPARSE Pred RES ATMO oe oa ch aac ces ecw ete Medea tae pe Univ. of Pa. 
Joe Grey E611 0 SE re Dae eea 2 oy C1, 02 eee ae Am. Univ. of Beirut 
ASV GT Vin 0) el sete ese ce Re eee Rockefeller Inst., N. Y. C. 
SSE mre ia Rant ie ee Sc eo Nee Ue ab te Vanderbilt Univ. 
Jae i te EPA ROR te, Re a a TRE CORR AF Harvard Med. 
| Bete 2 ESE) 9 gel Sawa tao ee pete a nae acer Be edo Nc tae ee McGill Univ. 

BaCheme Aner eters ree eee a ee ee Univ. of Ill. Med. Coll. 
SG ie COLL Cremmener cree oitews ef ket ec eee ee ee Mt. Sinai Hosp., N. Y. C. 
i ESTED AE) Ca [aa 0h ee ere OP aR Memorial Hosp., N. Y. C. 
LESS TE Cha ORE 1 Rae eR gee ae SP Lg PR Sata nha Portland, Ore. 
|) ea EC e's OSs ae neo ee N. Y. Post-Graduate Med. 
j EETY Synod Bde a a ee eR ee ae Univ. of Illinois Med. 
EELS | 0 SSC tna aS a A PR Dt 0 Be Re ee TG OO ea Yale Univ. 
SEP eyyrali dB LN a ee ge aR os N. Y. Univ. Med. Coll. 
eR Legh eV Seg ts PR Miya ee Univ. of 8. Calif. 
[TELS Be OS aan DA one PARR Tc Univ. of Calif., L. A. 
DBYPHL LLB Ge sph eel ld a ak i ta Roe AP a Se ne eer ana San Diego, Calif. 
ERIS Nal Ep a ae eae ane se ac a U. S. Dept. of Agr. 
IB arreic Tiere LV AT ere soos eeee eee neces ace tae Coll. of Phys. and Surgeons, N. Y. 
ASAT DOTS Wise LO WAT Cite oe ieee nee beta ines arte tre eee Becks New York Univ. Med. 
JEAEHE OGY, JUSTO ea LG at ate eee vo ee opine i err eer eed Yale Univ. 
| EET Eg IUD EGP Ses Nie a as a ASN Se 2 eae ee State Univ. of Iowa 
1 BRGY eth IS We a a pa ea Se ee I Re PEEP Cornell Med. Coll. 
EON ge ONY poe esc enc nausea ran bede cane ectanp ca gab antein ear dadaakptmivectannntonoss Rensselaer, N. Y. 
Peer ant ER COL EL) ah poet aar aus tab ences eetscey feces ipods ance sc note naessteape adie Stanford Univ. 
UUSEEMONS Tyna kl LPs ses cal Sats ie Teese ba Pope Pre ee Washington Univ. 
ISSUE ye oases cate seasons aenctnns Sarsedpthanissanthasaceyaincsivesndanaves Univ. of Chicago 
| RU GAN 8 Tiny CE palin rest Sei lege ee ras SRS pean ea Dea SEO Columbia Univ. 
STE Gy, ol S ee Ee BO Re EE sy ORO ee Washington Univ. 
Lagoon Ne TES ae abe aie SoA i eesti  Ueee SE AES RRS IE STORE EET OP Tulane Univ. 
TESTS “Uy ald lb ga ea pee a ASS ee ee eS <M CR ER Univ. of Wisconsin 
Bee NN te Peek oe scar Since cod aon anses tayannars Carnegie Inst. of Washington 
Batterman, RB. C.............. 2 ee pk ong RE EPPO LEN oe oeueetto 5 New York Univ. Med. 
BEIGE ie.” Eitan eas a oe is Ao pee ee es imate Rockefeller Inst. 
BES REI ESE A pL MOLLE ies fence cee cept cue eseasatenanecte-mesneneaet Presbyterian Hosp., N. Y. C. 
1 SUSIE Tea fia Rig) 2018 aie des SaaS a a ae aoe ee Montefiore Hosp., N. Y. C. 
BE OMNI TTie et OL CY cases sacar ca raenae ens sa nove cartaaBanees Weanstcarconeennn Stanford Univ. 
Jefe LESSEE I Ceceeelg, ep eine eon ae pe abe iat ie epee Ase ie eine Yale Univ. 


ye ly Coe pe aera ee ererea sacennce set en cones svcd eeeseeacacierednssadeseatesesecncncneeanseecniek Unni, Ob eb. 
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Bean, Soliti Woccits cc iit tat A ecient toe eee ee Univ. of Mich. 
Beards Fi Ee iiesecccecsnchstoeayagedi ae ce tesserae eae nena er Louisiana State Univ. 
Beenrdhy Js: We. scccsicd hasccdsa sates cocids ce scseete oo cmc eee cee Duke Univ 
Beard, | Pi lis ciccseiecesassasthostshcstieec cena encanto os am eevee tere tees Stanford Univ. 
Beek, Clatide8..sth ccc. cael ccscnas psc cv tae sae Western Reserve Univ. 
Beker, Bhst Bscitiscscatctedbacelevestecerteaeacacuckectes a eee one apes ccna eee Towa State Coll. 
Beckman, Harrys: ccc conte Marquette Univ. Med. 
Beckwith, TADS. Ancestor ae eee Univ. of Calif., L. A. 
Behre,. Jeannette: \Aaciscs-Aeici a scnsstec-t poecveeweeteevenseereeeaeneat seo ease Wilmette, Ill. 
Belding, | David) Tic. cocciss:-<cgctttesaptosdacscacr os noe seesee pena ee seme eee Boston Univ. 
Bender, Ms) Bice: a6.ccen cee te ee Mt. Sinai Hosp., N. Y. 
Beng'stone da Ai se none eee National Inst. of Health, Washington 
Bere, Bo. Nissacs otic S25 BB ot eee ces ce a amare reer Columbia Univ. 
Boor gy Oo Pcie oases sass ocescite wrtee aoeae State Univ. of Iowa 
Berer, William: Niococsc. cso otecsce sosendescecccncee cee eee ete ee ING ami Cay, 
Bergeim, Olah. : ceccceccceeacasrassaptaepecauecorescosdensd stl rags as amteere sans Oe redeem seaserateere Univ. of Il. 
Bergmann, | Max:..c.5220i.\c88 tcc nase ele Se ee Rockefeller Inst. 
Berta dg Acc oll pi seeee steers eee ee eee er enone eas Lenox Hill Hosp., N. Y. City 
Bernt ha sel se Game acne eee ee eee ee Ee Vanderbilt Univ. 
Berry, George 2.22.0) ee Pee bate Di Bnd Univ. of Rochester Med. 
Bewtner sR ee oe ae ee eee een Hahnemann Med. Coll., Philadelphia 
Buyer rps Wie cen ecu nek got cae eee at Se Ore ee Mt. Sinai Hosp., N. Y. 
Bietor, Raynor sN ssp gece ceca cyces eno cee, een ee ee eee Univ. of Minn. 
Bul) Ss; Ce Hi Sem eee ee en Mead, Johnson and Co., Evansville, Ind. 
Bing eh ra nkling Cece ee ee ee ee Am. Med. Assn., Chicago 
IBSi asd oe ETS UOC! [Sho ea etneccsdns tacos eoasececcone Geofysisk Inst., Bergen, Norway 
Bishop, George Te ec reese. esc eee cee ee Webster Groves, Mo. 
Bishope Katharine sires cccctccccccaecc ee wee eee ee Univ. of Calif. 
Blacks ane 3s Dye rece eos rial ee ee Zee Harvard Med. 
Bete) HN gE sae ere ope cece ery nee eee Hosp. for Joint Diseases, N. Y. 
Blake, LP © foe Casein Petrie rani eee Se aR FUE ke iad on Yale Univ. 
Blalock, A liteds ics certs. oon vetteneaece ese Vanderbilt Univ. Med. 
Binnie ice INGOTEUTEWAY Deg ee Metropolitan Life Insurance Co., N. Y. City 
Blau Nathan: Wc eterno ee Se eee Cornell Univ. Med. Coll. 
As bur) 4: pe ie « Ramet me Beet EIU R A Y BEAN Oe NS La dat a Stanford Univ. 
BSS, SUC MG Y caso os ch erect ke neanenste sce ee Tulane Univ. 
Bloch, Roper t) Cire casascecnctenccte ec een ae eee oe Univ. of Chicago 
Block. Richard sic. 2 ac eee wee eee N. Y. State Psychiatrie Inst. 
Bloom, gW Uliano ee cette eae RO eas: Univ. of Chicago 
Bloomfiel dpi A.s Voss cetepeecgenaes bees es oe Stanford Univ. Med. 
TBO, « Wo esaeerecte etc ecl ene otro cence eee ee ....Univ. of Rochester 
53/9201 | One |S cj eee ere in OIE HRI CEA EA RMB eee nk ae Univ. of Minn. 
Blum, Pavol d Ses 0 soncsneactucnnerencccn eee Washington, D. C. 
Blumberg, Harold.................-. hthegperocsicaausa-cereeeoeage et aan geeeae Johns Hopkins Univ. 
Blomeart.) Elsa 6 ee. kere e ee) eee ee oe ee eee Beth Israel Hosp., Boston 
Books rose pb Gok corctcnatanacecioccs dogs acn a ee anette eee Marquette Univ. 
Bod ash yk See 0s cee ne eee Hosp. for Joint Diseases, N. Y. 
Bodansky, Mevyertecuss.2. 05:0 eee John Sealy Hosp., Galveston, Texas 
Bodansshkey,. OSGGa oi... orate cape New York Univ. 


Bodine; oJ ATH s:25 2 i scseette se een eae eet ee State Univ. of Iowa 
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Ceti i ats ee 6 os ee ce eee eect Olive View, Calif. 
IBOISSe vain wm Oth cml Semele area ce ce ee ee Colorado Coll. 
IBIASL NGS TO 6 eae eee aT Re ee) MOE ET ee Mayo Clinie 
Let GtGE a ALFA cs | cine oe ae Ten a a el Calif. Inst. of Technology 
On nile BI cS ah he eae en, Mn Univ. of Chicago 
Ppeahliy. Wetter Mi boos ts a ae Bae Kakler Hosp., Rochester, Minn. 
IES emecras teal NEN ier eae ino BT ve Presbyterian Hosp., N. Y. 
1SLD ee OC Opa s REN Van: ee enn een a Se ee Calif. Inst. of Technology 
SENT ES AB 9 Oe Rr REPS Rca Pe eRe eo aE IS OL ee Buffalo Gen. Hosp. 
BOAT CN 2 ENE: [e790 | DR ea eee ese ae ae RDU EW ee COREY yi Queens Univ., Canada 
IER Ae RN Ein aN Ee SA dN oe nh eee cee Loyola Univ. 
IBS. TURN et ne eet RE Rent eS Res ve ee Uniy. of Minn. Med. 
HES Tomas 11a ee ee ee a sea ce oie ee OSs ee Ohio State Univ. 
Leyenb 2) PAUL al ese Aenean RI ee = nme nn TS Univ. of Rochester 
Se ed Ny acc ae ic Og Pi nae cc leche ante eee Univ. of Wisconsin 
IBS rina A Taw TA ae ee ae Re Nh kee N. Y. State Psychiatric Inst. 
mania aration ee ee iat National Inst. of Health, Washington 
ak Bee a i ak ee aaa nach Univ. of Pa. 
ES PO WC TMEUO |) Olt cates eee en SEN ane ee De, ce eR Syracuse Univ. 
BES Tee or eA eam Seer RDN OTD, So SC de Nc eo es Univ. of Georgia 
TONLE emt Cre mec) ae eee ek eee ee ee ee Washington Univ. 
SCO Tt epi) VV stent nae tol 2 Bed eee oe EN Si Nn Cornell Med. College 
|e ie 8 Cte ee an a ce ee eon. Rane Te Louisiana State Univ. 
IB roc komm ail me ies Pes 9 228 ee te ee 8 ee Univ. of Calif. 
URE o TSS SEY CGS) eg ant eae rm etait ne tage crt ieee Poe ee ene em) Univ. of Calif. 
AES 720) 11010 ops Casa) ence sae = SC RAD DS r  o S S aoe eo 2a St. Louis Univ. Med. 
LBeeonyyadts: Ze lB LO Fh 00 eee near ree re ee ey ee eer ee eo Johns Hopkins Univ. 
LES YsOnyyitlaeel OUTIL Seem ke Ie we Swe A ate cee ee Re ren Ohio State Univ. 
UTES See G1 oe) RN Rs anne ee aoe ee pee N. Y. State Dept. of Health 
SEO WVAIMIVVLACG adhe ecm eet emcee ete) ee nee Rockefeller Inst., Princeton 
IBTPON AIS, dk, te ADR eae ae eee Royal Victoria Hosp., Montreal 
EAPO IEC Pn a eo rR N. Y. Post-Graduate Med. 
PEs 1aIA SC lay Sop meP ASL CNN Cl Te eee = rae ns een tee ee ec ceca es tee Univ. of Chicago 
IST EeTicUT IMAC Ly eeemee tenet eee eer fee ee antes 2 ee eee Uniy. of Colo. 
JEinxel eewavwne, Lave) eysn il Dyeee eee nee NS ee Ag eee eer eee es eee Towa State Coll. 
1 SED eS ERs Past Wg UE iN ae ee Ae a a Michael Reese Hosp., Chicago 
PER ey oes Se ates a pen ests Aces acearnciwancnuadaaoanen Johns Hopkins Univ. 
(BENE Ln NG ROO ee RE oe CS YPC no Washington Univ. 
TBR aUD Kanneetg CU, "CG ett eS eer See ee ere reer Harlem Hosp., N. Y. 
TEyanaiwavec (hs, 1S eee ap nsee ee eae ee rere Sear ee ener Univ. of Wisconsin 
I I OO a a a8 oh acts adele vnceic nok nsdictacddomemerenvicesese Rockefeller Inst. 
AES TOG Ege A MRR oof outed ern te bss Pandas ada aaad anv ecicuressaiaveemhens Vanderbilt Univ. Med. 
Myer Ons ONE MN pcre Faces cole kc case oa ssakecnvenpenccvagursie Louisiana State Univ. 
OES res 2 a caso aang Senco at Sone onbnmd taasloceocatitas Johns Hopkins Hosp. 
ULE TAL 4d be Ue IER DON eer ane ce eer err Som Louisiana State Univ. 
EURO SMe GS lL cy a) Loae ocieds can <u awenousde¥atneninatoeacnsane Carnegie Inst., Baltimore, Md. 
LEDpr ie, Cee a S800 01 0 einer ee ee oe Ate er anes ee aI a _oe eRe Univ. of Minn. 
ME Or Oe aN mM tee See Nis adele ees wana nae se avoewnlonan dan denies dona s0ssiee Pasadena, Calif. 
HER ec Okiticey | HINTCLLO ES 1 are eee epee eres Bes enebreaie one pet Eire Meese an Univ. of Chicago 


PD in he Up AIR ee pate vere or eee aero meer N. Y. Univ. Med. 
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Buteher, Hie Qscc26iicicccssceacdovasesmesterecotap eee ee Hamilton Coll. 
Bratt oy Mee ass cake ong caine Univ. of So. Calif. 
Barts; dase hy ‘Siiccsca.c coe Sccochaskecouescecauest eee eee Oregon State Coll. 
Byerly; Al iCxicecete eee ee ees U. S. Animal Exp. Farm, Beltsville, Md. 
Byrne, | J ope Wis scc cies pols ssonnscoutlbeaceconsaayecaens eee eee ee Fordham Univ. 
(ee Wi Moneta testes ag ee Univ. of Mich. 

Calkins, Gary" Niseko Columbia Univ. 
Caimerotiy A) Ts) ees ee ee ee Univ. of Manitoba 
Caririan; Robert “Kc. chien a ac ee ee N. Y. Univ. 
Cannon, ‘Paul Riese ee ee Univ. of Chicago 
Cannon,’ "W alter 3B i:2scteicc a. aeee e Harvard Med. 
Cantarow;—A braham:...25 4 eee Jefferson Med. Coll. 
Carey, Wy. Jee Sea i ee ee Marquette Univ. 
Carlson, A525 yoo oe ae eee Univ. of Chicago 
Carmichael JH Bie ee ee nes Univ. of Alabama Med. 
Carmichael, Dic.4 cts ceh ee cae eta ee eee Tufts Coll. 
Carry Fl Tie ot ate he alc aera nee Univ. of Calif. Hosp. 
Carruthers," A.)-2 Shes A ee ee Birmingham, England 
Casey; “Albert? H 22ew oe Ya ie ees Louisiana State Univ. 
Gash, Jamés Rie S cee ee are tee eae eee ee eee Univ. of Va. 
Gavel, 7 ie en 2k 1 eee or eee Univ. of Wisconsin 
Cattell aMick Genin ee ee ee eee Cornell Univ. Med. Coll. 
CecilaR. U2 72ee. 8 = Seer ee ee Cornell Univ. Med. Coll. 
Cerecedo, "i. Ricco os oi ee eee Fordham Univ. 
Chace; Artie rs eee metre nee eee eee N. Y. Post-Graduate Med. Coll. 
Charkott Ls slic 8 este see ee eee Univ. of Calif. 
Chambers, “Rober tecee re PRs Bal ork re ee ener ee New York Univ. 
Chambers, Wil lary sU) cress cs -descsete rs cee terse cree Cornell Univ. Med. Coll. 
Chang,” Het Clonee eee ee eee Peiping Union Med. Coll. 
Chang, Fi siao2C lenin: he eee gece eee eee Hunan, China 
Clrargag oR wit risen re a ee ek ee Coll. of Phys. and Surg. 
Charippen, E19 Ane seca ee eee New York Univ. 
Cheer; NA aes ce Sree ere eee eee W. China Union Univ. 
Chen,’ Graham Mic it Pe Chieago, Ill. 
Ghens K.9 rah ee eee ee ne eee ener Eli Lilly and Co., Indianapolis 
OX.) ie Rd pea ae ore rs ee pee amare pee Peiping Union Med. Coll. 
Cheney, Wi Eign ais eS eS ee ee Long Island Univ. 
Chidester,' 1), He 22 oe ok eee ee Toronto, Can. 
Child; “C. MS 2 eee ieee cee eee Stanford Univ. 
Cinttenden, R222 peed o aban to dete See ace gona tence ae a Yale Univ. 
Chole) TK. OS ees oraa hee as a ee Univ. of Pa. 
Chow, UD besa eenne ets oie earner neeae Squibb Inst., New Brunswick, N. J. 
Chyristensetn, (165. 22 ia tr. ssticn ot eee en St. Louis Univ. 
Christian, Heng yale) 2... in earn eeeeteneee Peter Bent Brigham Hosp. 
Christman, Ad atm cA 20os2,cot.-cceccrae nese ene Univ. of Mich. 
Chug: FS eter hh ee ee Peiping Union Med. Coll. 
Chaise oe see ee Peiping Union Med. Coll. 
Charl As id a secceeeee teen eee Univ. of Edinburgh, Scotland 


Clark, Ada ‘1s. S a a ieee Coll. of Phys. and Surg. 
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OE OS ee 8 JF (oo 5 ae Sear ee ee Lederle Lab., Pearl River, N. Y. 
CER oe cla, to ee a re ee Nee ceili Univ. of Wisconsin 
UEP RES gle ETNSLLM MD nee ee cee eee ee NE one eee Coll. of Phys. and Sure. 
(CHES = A ea es ae a ae Rockefeller Inst. 
Loupe CoS 78 Ns 1 oe eae em Se ee ea Univ. of Colo. Med. 
Glamsceme ore Wit. e ste iene Strong Memorial Hosp., Rochester, N. Y. 
EIS ESR s 2 AE car et ee eer Re ny <n EDF Uniy. of Minn. 
GUESS DTD. AUNTS SE: Si BLM es MO Ce 2 eae eee Pa Stanford Univ. 
EL GEA Oso 8 Stes eee ONT eee SI Cee Rensselaer, N. Y. 
PLT oSG | 2A S Bae, Cee eee Rene ae eer ey seen mee Eli Lilly and Co., Indianapolis 
opoty TNS Deck RS a ee arp eae epee MeN reas Sater leery eee Oradell, N. J. 
USS |e 4 AEC eee Soon Eee ne oc on mnEe RT Teme Chee Mayo Foundation 
Nore sielive Ue Tie ae les SE a Pini ta oe Rockefeller Foundation 
Secale, «hg Ce FM Sethe or a ne Pee? ....Johns Hopkins Med. 
Oe TEs 2) ee Aaa ee ene eee oe En N. Y. Post-Graduate Med. 
oil 20 4." CL TEEN £2 ee Be eee oe a St. Alexis Hosp., Cleveland 
ree em See a eee Rockefeller Inst., N. Y. 
ciel lat, ESTA PO: Re ek ts as Geen Mar AP teen g Ame Re cn New Orleans, La. 
DNS GES 172 E Me A 6 a ane oe mE eee Univ. of Ill. Med. 
ECHR. AEN WO. So a Ney Soe ene BORE eee Pe eee le ee een US Williams Coll. 
Sree RSENS nO a ao Go SL Univ. of Calif., Davis 
(cou imme) Nemec ees 26) 2 dey hee) See tevene e002 SO. eet Univ. of Wise. 
SEES ee 0 Ee Se Se ene ey Pr Seale ae Rockefeller Inst., N. Y. City 
DE ON ONES LS ES Se ee Ure pene Leet mane Univ. of Ill. Med. 
ECON, VYGIS a (ES Sa re roe el eg cee a Rutgers Univ. 
AOL Tacmman Vel LT ANN Giy. ee stieeee ere eee eee a oe a Brooklyn, N. Y. 
STE ig 1 WOR | Ly aR i So go nc Western Reserve Univ. 
ColervawWalliamymll) 6.2550. iene: St. Elizabeth’s Hosp., Youngstown, O. 
OMA RAMU IA a Che NP ora os ooo akon en neaemtaroseetg ees eaS Temple Univ. 
TOOT i oI 0 1 25s INS ai Ese SDRC Ae 7527 ee rae eae A EES McGill Univ. 
(Qaiayersve, IBC Ws ee a eee ee he ere eee a oreo Univ. of Chicago 
(CLAM ss AG i a age ae eo een me eee ee Princeton Univ. 
Grane an, (CAE W AES Me ace eae ae ee Rt Univ. of Calif. Med. 
CEE SR Fr CIS es Oe a er Burroughs Wellcome and Co. 
NCR REMORSE ER ae roan sedan hgh acer School of Tropical Med., San Juan, P. R. 
Mea eee a acta esate! Saad ec ac nnd onsepocanapeit Washington Univ. 
GO SEIS EAC GOES) ey A Oe Re aes ter thee, oe eee Ce eee Een One Brooklyn College 
CEASE My. Cl al 8 fe. aR ape nS ROP Cee Oe ORE can W. Penn. Hosp., Pittsburgh 
RICE, SET Eee ean ee ee oS PE N. Y. Med. Coll. 
aie a UV pe Noe os eBlog sein ce ocenc a-bupeapicicen st vosnuddlaneaeuesianaassaiee Columbia Univ. 
RA MPN ieee eater ss de apc in asiiacasl-bonsnnoelsyassivuentendentendecag he Univ. of Va. 
ee Dn TE ae TSA Nie Se - BRMEEpro aee Washington Univ. 
SS Te PIR RE Nc ed Janes nbn cee t cc ipasinonsapmmsesin=-phnaavigheborgnnamraie dt Purdue Univ. 
RO GEO MRO PWV ge cos casas hemcccearad naar ses restcerns Seoninn ton Carnegie Inst., Baltimore 
BIE Dare Sa TUTE 1 | a Dee eae ee National Jewish Hosp., Denver, Colo. 
Comet nies sitar Renee a ROE en lean ele? ek pe een oe N. Y. Univ. Med. Coll. 
AO ich MN ete cepa 20 ee apnea ncn rnaa penn aera mans Washington Univ. 
Nie UN asa ands sao natnens dice tad set ccenenopemniizconsnenrmnsansnsennaceaee Yale Univ. 
ENCES lg yh ibe pcg wee csatn cnn U. S. Public Health Inst., Hamilton, Mont. 


Ea TO cee) TS Ser tac cncatecdeacerncnynenstsceenerunacs-vauerasneennenen Mead Johnson Co. 
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Cram, lise: Bet. -actecoctcesescenecteternene stone Nat. Inst. of Health, Washington 
Craninton, Ca. Wards co ceo cos cache eee een N. Y. Post-Graduate Med. 
Crandall, Ty. Aly. J 0c. ipscetccceenesesoresnscpoveecee ease ep eeennee eae eter eee Univ. of Tenn. 
Creasery Cae Wrest sesso ee Thee ee Wayne Univ. Med. 
Orile, George: Wexx 2 esses ee ee Western Reserve Univ. 
Crittendén,:Phoebe; Jijat.4..ccaccscet eee ee George Washington Univ. 
Crohn: Burrill; Bist sc.Bce pvc. scan eee Mt. Sinai Hosp., N. Y. 
Cao ia gy HA cen seectee re estes areececr U. S. Dept. of Agr., Washington, D. C. 
Comming, . Harold, faccccescsecsntsenes53-0n0ueuquebaute sent eee ps aeare ee eee Tulane Univ. 
Cibawonnaved nan, VBI ae cece Jesclnn oct Tee ee Duke Univ. 
Crartis, | Gh... Mpcccacceccccancdiecaneteastanmcsee 2ace ne ae sae ee een ee Ohio State Univ. 
Curtis, Matyite. Rissccs-0s5c0n. cess cencgoncecomas,pacteaie eee ne eae ae aee ee eet Columbia Univ. 
Curbler ss Bilio ti a eee ee ene enna nee Peter Bent Brigham Hosp., Boston 
Cutters Wo cC ae iene ccee cto ce ree eee Stanford Univ. Med. 
Cutulys .Hugen ee scx... ctor ee cea ee Wayne Univ. Med. 
Dp (Cail Meee oe ee ee Univ. of Chicago 

Dakin, Hi) Diino eett kee Ossining, N. Y. 
IDEM ckonets, (Endl ene ia eo toceeece cece cscoccoctectos Grasslands Hosp., Valhalla, N. Y. 
Daltoniyothee Je 3 ccc hccleccn te che cess eye McGill Univ. 
UTD) Atrio wae, LE Sea eh ae wae ora Univ. of Denver 
Danforth, «Charl ego. cope Stanford Univ. 
Danforthy DsaN ca ee ee ee Evanston, Ill. 
Daniels. Jie Mra ko oa te oc 2d ee Univ. of Calif. 
Daniels; PAmyi-Lise es. a see ee Univ. of Iowa 
Danzer: Charlesis.c-.....cecee ne ee N. Y. Med. Coll. 
Dy anurtare loans cl ety V0 ri eens eee ne Univ. of Liege, Belgium 
Davenport, C. B............... Sta. for Exp. Evolution, Cold Spring Harbor, N. Y. 
Diawre tap ort EL ia ok sige regu kcar acca sct ees acca tea seek ane aoe Northwestern Univ. Med. 
Beh p icra Dr Brameenn ers eeaee eemeerroenernet ret aere Creme SS Te as. Wilmette, Dl. 
Devas, ET tA tee orate nk oh aoa a Louisiana State Univ. 
Dips, ye) 5 Eee eee ea ans cet eee oe ee ee Univ. of Vermont 
Davis, Mi Wise RAS os arc een 2aceteeticaed ashlee eres ae ee Univ. of Chicago 
Dawsons Jiamesy Alston Stiibe 20h ie ee Coll. City of N. Y. 
DSS hag VE Ts Se cee es Sa aco ste ee Columbia Univ. 
Davy; Ay GA ae so och vee incre colin ge Northwestern Univ. Med. 
Bey Wena Ns ed ccc ss oes coe ene pe Univ. of Arkansas Med. 
DeBodo; Riehard...2325 4.22506... aeeat ee New York Univ. Med. 
Decherd, George M.............. ss sa sagetaslets Soden eatsaedteeeoupa tate oem Univ. of Texas Med. 
Delids, Moyle ta 2a Stead ee Stanford Univ. Med. 
DeGowin Bie le eye oe epee alee State Univ. of Iowa 
DeGrradis AGC ea ti ascitic oh: la cere cient ee N. Y. Univ. Med. 
Deemmiis ys B02 Woot cotien tt tetra exact tc cee Amer. Univ. of Beirut 
DeRenyi, GisS aS eso an cnn dra es dak oe ee Univ. of Pa 
De Savitseh, Wupene. 000A ines Washington, D. C. 
Detwiler Sx isk. 8 aca ccchanctpccrstex casita gas oem gee Columbia Univ. 
Deowel, PL arr yc gt tats ckncon. sce ccce tea tee cece eee Univ. of S. Calif. Med. 
Diek,-George Py. 250.25 cau co ee ee Univ. of Chicago 
Dieckmann) Wr J ooeui tite ME te Univ. of Chicago 


Dienes WLOUIS Gy een oho k eer eee Massachusetts General Hosp., Boston 
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BGUaiG ere TAnCIS Sl deka te crc ss a ee Mass. Gen. Hospital, Boston 
SDNGep eC Tag los tA RE ee co oath lac Hig pee Guns ic aN Pees Ohio State Univ. 
DNRC RCRA A Ti Oi tin De roe doa aon cancels Presbyterian Hosp., N. Y. City 
AB Nreo rca Wid EAN Sc 57a Ain flr nes See ange ee a nc ae Stanford Univ. 
1) rena aa (Ope em se noe. sa A en TU Ss te Univ. of Pa. 
MO ray pad Wn A cele ce ote peters a) cor ila ae ee St. Louis Univ. 
1B TEP Ee eT Lio! fe oe PE ee Ae Univ. of Buffalo 
Dominguez, R......... Es ala at Ce Ane Me AA oe nS Set St. Luke’s Hosp., Cleveland 
1 ey | a UO en ee ee ee ee TE Univ. of Chicago 
SIGs TPR NR ONat ped MO ed el hot ce Peat ie eked as en Univ. of Pittsburgh 
ABST oe? i [SIs Rt eR DS ee ee EER WT Nope Syracuse Univ. 
PU SAO SSO) eS MO eee ee Western Reserve Univ. 
NBO bs 1B | Ben hae) eae ete ME URLS Ba MN Re Oe peice or, New York Med. Coll. 
Dombtletim lenin ya cee et ue Le aoe i eet ne ee Mt. Sinai Hosp., N. Y. 
a]s) yall eer eIisape Ole at ee ee A GA Erbe dN Western Reserve Univ. 
Gg Ocho RA ILE SS DR "ak BAAR Ree eT eR ae eR are ir nk Pe Set Univ. of Pa. 
DD Rams ted bw Carl poh teeth Bee Wale os ee Ne ae Northwestern Univ. 
a RE ERE NClty MUSES ered ieee eee ee RO ee ees 6 rhe Univ. of Chicago 
irae r Nia tl oct on ne he es ee Univ. of Colo. 
DES tna rae I aerate ne se ae a Se) oe i Philadelphia, Pa. 
LAGE eR UE aa a Fo cc nas Ba de Cata assess Uniy. of S. Calif. Med. 
aaa eka Ne oe ea hae es ope Be ING Wo Ciiny 
SUSE tag Me ee ath kis Sc Niag, tee ee ee Cornell Univ. Med. Coll. 
SDD TTS 1S tae io toe oe ee kkk ck Rn re ee ete ene Oe Hartford, Conn. 
TED OS mel ve tt Gwe terete oe teehee ae here ee wee ee Rockefeller Inst. 
AB raver EB) AM Lets 2 Ee eee ee ee ee ee eee Univ. of Wisconsin 
UU EES. Te DE ipod RS ents neil ts pele ee ate Oc oor ret eben eee eer e Cornell Univ. 
DET A LS PY 8 SR Sia cee neine ee ane) ORES ene Geotail aan eee Columbia Univ. 
APO) uxreasrarmsl\ cicero ecole ee ON ee BL ee A ee eae ne 1 ce Univ. of Calif. 
TE exe) OS SAIC Ifo NO Se eo ae ere ree eee ee ea Yale Univ. 
MD) Tide Hoar ope ACL AIS apes ec ree cna re cae Soe a eo eeneTeee eee nade tedee Penn. State Coll. 
A NN pee sean a ss ceased adnate lave bee Ee Tulane Univ. 
bBo ET Vers Pa BAO Aha cy «| Pe Ce te Ore me Ne Cornell Univ. Med. Coll. 
LDS GIS) oth ee ere ea ee eer Cornell Univ. Med. 
UU ors 4 Fey Ee a ee ee eee ae George Washington Univ. Med. 
pS Se Oy ao eo National Inst. of Health, Washington 

RONEN ONS) Eom 23, acer bes iss ay ondsoesacnct National Cancer Inst., Bethesda, Md. 

LSE SUNT Vea sR [ees Pe ean ee neem ee ane Johns Hopkins Uniy. 
Haton, Alonzo. G........-.- Ge eens a Seat ake eae PS Louisiana State Univ. 
Bote ONE ait ors acetone aac Dept. of Public Health, Berkeley, Calif. 
i bersOneeHere Cera Ckus ss eee ee Gallinger Municipal Hosp., Washington, D. C. 
HYG aca Binge eee seni 8 od eek oot ead ae ee a Western Reserve Univ. 
VB cepeerial, Vea levateaie MC) 2 cee eee Sees ere ee eo Pec ere Ree Recor ene amon ed Univ. of Mich. 
SPlAP OLS mM Ua OteMe Ladle eee be co Feat a2 heck Sis ncbanadecnasorushsnenien acne) an ocwckwat dase New York City 
BEWARE COM) Mel x es sata hata oer ohare oe atop avr cansuttonan enlace Cornell Univ. Med. Coll. 
Hs ies eo kc} GUNG) 04 | G2 aaa ne EE Oe EE nS Ee eo nee eae eee a Univ. of Buffalo 
ASIEG Avia ab Ke): 2a 11 Col 89) a eee Manner Er Kentucky Agri. Exp. Sta. 
PCS a OM, CAMA LOW A raha es centaseearsdencapwerncteeae N. Y. Manhattan Eye, Ear Hosp. 


PEs Wig Ee se seme MT) pee eeto ten oo get nk tas Reece andere Univ. of Chicago 
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Bling, Wy Ps. 2 2st ieee oe sae cose ocean ene eee Montefiore Hosp., N. Y. 
Billig, Mea Miotosccos cre ncteescacusos cor cecteetaneeecnte deen oe pee ae eee ae any a Univ. of Mo. 
Hisherg, Charles: Av :cess 20 ic cssawettceegenes eee Near lonical Inst., N. Y. City 
Tilsen, Wee 225 css. schcaqedeecree seca steetoecayaaed ee een Cornell aie Med. Coll. 
Bilvebizerny at Agape eee eee Univ. of Wisconsin 
Hmerson, Ch Ar. £5. Soar ccc csceccecovorashesserdicoes es peeaeeereeneraraons West Va. Univ. Med 
Himnerson, Gladys A <a cco ance cca occ a eee Univ. of Calif 
Biméry, Fy Bisse bees ELS Se rareermereerar eee eeepc Univ. of Buffalo 
Bhrage fe) AN ope ca aa caer a ee Stanford Univ 
Birnlersy 0) 56,222 occa rece ornate Harvard Univ 
HS Yed oa Dina ren palin eNO REIDDeen eee re the k ee heap net ec ee Columbia Univ 
Bipsteiin, A? Al, ee es Se ace cates cere nemcaeem neem Mt. Sinai Hosp., N. Y. 
Hirlangér,>Joserplis. sce pes ee reece tee temper ee Washington Univ. 
BErnstene, Artie C5 i oer nase ere ease Cleveland Clinic 
Hissexs iran Hy Aaese oe eee eee ree eee ee i ie 2 Se eee Mayo Clinic 
Biter, : Ween 2 asespe nse ea cemegoesceesoeette = ent cee eer Coll. City of N. Y. 
Wivans, Alice: iavee ae a ee National Inst. of Health, Washington 
Fivans,’ Gerald: Dis vss kecictcap cc aee potest Univ. of Minn. 
Bivanis, | Herbert” Msscccsccc cscs estas ease ee cee Univ. of Calif. 
ive ree tity ss Ree Sowa ace Scam wee ee Univ. of Okla. Med. 
Hwine, James: 2). eee Se ee ee eee Cornell Univ. Med. Coll. 
Byte, | JPA Becket Se cece Univ. of Wise. 
hes Harold: Ke heey eee Stanford Univ. Med. 

Balk IC George.o snes eee eee N. Y. Univ. Med. Coll. 
Hiamulener,. (Go CW iin 2 es es Go ee eee ee Englewood, N. J. 
Farmer, Chester: 212 ier sit) eisai) en ee eee Northwestern Univ. 
A ie il US eect nh on tte nen meemnnt oe ere ea un, Wilmington, Del. 
Faust, Ernest’ Cie. cs sce 502 oe ae eect Tulane Univ. 
Pearse Ure raked ie see Sees uct a a ar ee eee ee Univ. of Calif. 
Feil, Harold: 23:2 ses eee eee Western Reserve Uniy. 
Pellowe\ tH ic. ee eee. eee eee eee SORE ee ee eee eee Temple Univ. 
Bern a, Ta oe ascent e eeee gnc Peiping Union Med. Coll. 
Wenn, Wallace -() cette sr See eee eee Univ. of Rochester Med. 
Pergusou, Jolin es 2c Lee ee Univ. of Mich. 
Ferguson; J. 5K #Wi2 se ee eee ee Univ. of Toronto 
Herraro, Armando=ss 5 es. nese sane N. Y. State Psychiatric Inst. 
Ferry, RB. Mie eek ee et eae Harvard Univ. 
Fevold, Harry L.......... sg aoomn saben ares cobeeoms ene aeee teen eee ee Harvard Univ. 
Wield) Joly: Ul eaesn ate 5 oo sie ore oe Stanford Univ. 
Bigge, By, Hd se ci ee ee Yale Uniy. 
Hing,’ Jacob Bai ee i cpole 5 ae eevee ee ees Beth Israel Hosp., Boston 
Fine;) Ms Sco cee ee oo ees General Foods, Ine., Hoboken, N. J. 
Winlend, «Mii3 5 0. Seo ie oa eee Boston City Hosp. 
Biron, SW of Mise 08 orca ss aes ere eee Johns Hopkins Univ. 
Fischer, «Alberti is 3 Seas = oan tues ee eee Kopenhagen, Denmark 
Wiseher, Tic. ieenl hxc) Bese ene ee .---Med. Coll. of Va. 
Fischer, Martin) Wt aimeeta sete Univ. of Cincinnati 
Fishberg,: Ulla cH seseite at. |, See eee ee ee Beth Israel Hosp., N. Y. 


Witz, Reginald:< 2s cco. ar Peter Bent Brigham Hosp. 
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Perens l MNLON GC Bs. elie o ii GEN cele ie has St. Louis Univ. 
LOGE SV AGPO RFT Vc: la ee eee N. Y. Homeopathic Med. 
irr TAMMIE ATOR UT tere es go IE CO oe eck Stanford Univ. Med. 
LE) Se TS ENS co 0 RS 2S a Wee en Lee Univ. of Alabama 
cay SSS US Fe che en ne ee ee aN ce RENO Milton, Mass. 
CORTE: SSE Dat 8 CRS SCR a eel Neen eR OU Med. Coll. of Va. 
MINS avers AUS CGS (SER Le Oe ean ee ch IMDS Sie Ot NE A sera AES Co aa N. Y. City 
EVER S80 Ih ee ee ee ee Peiping Union Med. Coll. 
UN TECS SV" CORE Le) [Rs Og ee et ee re emer tae 2. 13 Nutley, N. J. 
LE ELSES | ann ne re 2 ere rer ee ai State Univ. of Iowa 
LES USS Pa ere see ee re ee eee Scripps Inst. of Oceanography 
Panter A BORING, wil Tie iso Se oh a New York Univ. Med. 
TMeeWalicy dehy acs ahhrd Weer aoe onc ed oR mE spelen Let Ni Dot es Mt. Sinai Hosp. 
IE sAe Tae Ee SIR ste tea RO he A Sac, ancien eA ee ee. St. Louis. Univ. 
BeBe pM 6 se oe Se, i oh ae oe as a ter eet U. S. Dept. Agri. 
Bee MOST i sh cestcdo ater dent tee Peiping Union Med. Coll. 
ee ETAT ES oa CBW one, Nee eee ceo Western Reserve Univ. 
Be IRATE ML OATNS hg te it aN Sah ce Kee rich iese ont mnie, eh he ee. INS XE City: 
CEE SECET SAG A FAO 6 DO fo 0? SAR eres a a ene eles eT 2 aeRO | Boston, Mass. 
BAe Aire BY ee Flt a AK apie a ht Ack. Gace MEIER Ee Univ. of Utah 
Oa ISA ed ANA NE ce shot a otc een ee ace we Maes? Otisville, N. Y. 
A TAT go 8 P<, ec ee ne ee Univ. of Copenhagen, Denmark 
IMT AE NO eo ee a ey EN ca Se a ee, ee Chicago, Ill. 
GSS TET FEES 1! FOSS (CS nal nee ae nee eRn ee Bete ee eee Washington, D.C. 
PERE OUST OL aM ECL TSULID Web Nees Pasa Se nS reese ee eee ee Baltimore, Md. 
| TST» BETTS eS SRR ae gee uC Se Ce meets MO Some or ata Yale Med. 
PERE sira amet SUT RT eae Me oes ence oe ee ee oat od cae ee INS MS (Chin 
Iya, AEG O h, seemie eek hee ee ee eee Cornell Univ. Med. Coll. 

ET 8 setae preteen Henry Ford Hosp., Detroit 

Gace EO mg Otnanh fae = See een ek, Brooklyn Botanic Garden, N. Y. 
CEE aL EEE Nal Raa 2 vase a On. aPC ene ap Ee Univ. of Chicago 
(Greaalle Nhe AIBN OSUSRe) ol We. cpsde ser esse ori eer shee oa ea PO ee ARS RE Harvard Univ. 
Grand eae, BM Oree Meaty | Bie ese yen ice eee nee ee eee res Lenox Hill Hosp., N. Y. 
COG Ys se WET 2 UE raat ey ee A ae Saranac Lab. Tuberculosis 
Coe LE aay AMOI INE, See ULB UR Ben ate Mae re set Re a oR FERC EC Yale Univ. 
(circa WV coll eT ls eee eaten alesis me pees aes oce ee ae eee eca es Vanderbilt Univ. 
Ese NS MITIN A TE A sie sonar eee oP oe POD os as he Pe a eo a Cambridge, Eng. 
(Gireyern, UB VESA DEF ee. cee ecco  m e Rockefeller Inst. 
SECS aorpe. 7 EEE 28 Reape aay My te AE heer ROY ESP Ono RMNR EST RRP New York Univ. 
SENG oy LDS, oul 5 Rael at eels En ape Ae eR Inglewood, Calif. 
CB SLs as CC SSE EA psf or peer marge oer a eis an an Univ. of Chicago 
eer Ue RTL EV serge arate o cop poe inden genoatesaacrq~aence Mt. Sinai Hosp., N. Y. City 
Tg OTS, Ok PTET Ti esa ie i er eer ee ea Oe RRO DDE? SESE PPENOTE MET N.e Yin City: 
PATIO CAN MR TLS Pere sedate tne tec ccnnestep-urtesvadasdncapbornedinnn Univ. of Illinois Med. Coll. 
GeO LUM Clee OR Peroni unde aae wna dadss sue neneiarvaipatotincetor Univ. of Calif., L. A. 
COCR SI AP SON RE RP ener cs 7 a Univ. of Chicago 
(GersieMloe To CTame Lime) preteen cite ee oe eee erento nase satan ceaneres Western Reserve Univ. 
EROS le UES STG pede re gee a ene arg nr MEE epee ae nena Univ. of Mich. 


eat ea eae eaten eloncns zea nbabon ichonccecenctcsones N. Y. Univ. Med. Coll. 


560 Members’ List (ALPHABETICAL ) 


Geeyelixi, “EUs, Besse zsecs codecs to 222s at eae oe rarer Columbia Univ. 
Geilo, Os B ecko ac dace cad cc Sew titoe ce ce ee Highlands, N. C. 
Gibson, Rue Bienes Ue a aera cece eer State Univ. of Iowa 
Gries), “Willies © Joscctc cesses. 25 sce ests cea Seer te cee ene Columbia Univ. 
Gilchrist, P’rameis: Giscasissécsccsc-t Aces esse eee eee Riverside, Calif. 
Gilligan, Dorothy: Wiss2scc3..tite tees cere a ere aaeeeaneeererenere Beth Israel Hosp., Boston 
Gilman, Alfred) ys 0c cocot 2 ees eer eee Yale Univ. 
Gilson, (AS Se, Vx ceecegess ese. octal ee ecpacen ceed eee rene Washington Univ. Med. 
Garden, © Wid ward co2ecc.c0:s2t.lctaseep eclosion ere eee Brooklyn Coll. 
Githetis! T.Sa ae ct acealei aeeeeteieeceeee Mulford Co., Philadelphia, Pa. 
Givens, Miaurice: Hite tea asnccae ee ee Northwestern Yeast Co., Chicago 
Glaser, Otto: Coco cleef Rate caceatececaee satan ned tee ere aerate ee Amherst Coll. 
Glasser, (tbs ace.lee cece wasnt ch ttoao ac oc cane Cleveland Clinic 
Glick SD eee pe en ee ee Beth Israel Hosp., Newark 
Goettscliy Bis Abts Ge to eee oe Columbia Univ. 
Gold, S Higrry stk oe, oe eee Cornell Univ. Med. Coll. 
Goldbergyi Si cAw 2 esis eee Presbyterian Hosp., Newark, N. J. 
Goldblatt, © Blam y 22:2 se ok eee eee ee Western Reserve Univ. 
Goldfarb, Walter-.o224) 26 ene Bellevue Hosp., N. Y. 
Goldfeder Ann ax..4...2254 Ae ees New York Univ. 
Gold tor sonny J See ese eee Coll. City of New York 
Gioldritio., }Wiie ee ee ee N. Y. Univ. Med. 
Goold Selina te sR te Ia cre chee aene eee ree ee eee) TIT amie Och an 
Gioldselimaxdte Same ee aes ee eee eee ee Univ. of Pa. 
(Grove dhrmvelin 3) ye es ee a See Yale Univ. 
Goodners? Kenneth essen is ee ire Se Or ee ee ee eee Rockefeller Inst. 
Gordons. Wissen eer et ene eae ene Penn. State Coll. 
Gortner, Re XS Ao ieee ee scat ee tee ee ee Ae ee ee Uniy. of Minn. 
Gross CIM sre ae eee ceee tps glee eaaee ee ee Tuscaloosa, Ala. 
Grose" Eianoldi.c202) ea tech cca n0 = cnr eepecn a Univ. of Calif. 
Grace, Au 2 Wis oon ea ac OI se a ei a eee eee Cornell Med. Coll. 
Graeser, , James eB 255. oco 2.5). poate cee ere ee Univ. of Calif. 
Graham SHivarts 0A ca 2222 ee eer ee eee Washington Univ. 
Grahamts lel en Di eaters 0) eae ee ee Washington Univ. 
GrayesseWilliamn: Wise oi, ion kee eee St. Louis Univ. 
Grays EF ok ae es he ke eee ee Stanford Hosp. 
Gray,; Samuel + Hia.c.205 2.2) See Jewish Hosp., St. Louis, Mo. 
Greeley: {P.O icc ie ee ee Univ. of S. Calif. 
Greens Haroldcl xia. A re ee Western Reserve Univ. 
Green, pRobertaiGs 70. go ah Univ. ot Minn. 
Greenberg, (Dasttd 2M ocr -ncttsccseeeaie ce Univ. of Calif. 
Greene, (Carl WA shes aorss ne cca evieee eee ee etee a eee Brooklyn, N. Y. 
Greene? Harry <S 2. Neeson a eee Rockefeller Inst., Princeton 
Greene yd arngs | Al er ont cts os pt eee State Univ. of Iowa 
Greenwald> Isidortte-cn J. 0 eres eee N. Y. Univ. Med. Coll. 
Greenwood) wAllain Bless 3s. in ee Univ. of Edinburgh 
Groep, AO eee cee ten a cere Squibb Inst., New Brunswick, N. J. 
Gregersen, /Magnusil ts. 5 es Coll. of Phys. and Surg., N. Y. 
Gregg, UD. ess ee ars 7 eee Western Reserve Univ. 


Gregory; Louise Hea e 5.8. a nee Barnard Coll., Columbia Univ. 
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CLLODOEY taunt mW terre acces oct Ola hue enon as Lg Univ. of Calif. 
Greisheimer, Esther M...................... Woman’s Med. Coll., Philadelphia, Pa. 
Ea Leer MRCP (Une ed een a Catt hod 2 ode tree ga he Sele ccna Univ. of Buffalo 
WE aah iillatad UN is lege fb ean snee eeetet  ae, ele ore, eee eR Univ. of Pa. 
Gantt Wy enU ell Eien se ats, oe Matera ante nal Gack eee St. Louis Univ. 
CFO ee HE WWiltkh Atcmeed al 8 od al a he nee a hn State Univ. of Iowa 
AS Ene ere eae oe irae AT eh Sele oe W. Penn. Hosp., Pittsburgh 
Poem vay Ai Ng ctl |, BLameeees enone Meneses ook ict etter eh eter ee meer, Jefferson Med. Coll. 
DE Rt coin Fa) Ag Mega [Aes ce eens tee ee oer mE tO Univ. of Washington 
RCENGEEOREt ir IN of Upc osiez nO lok Sart te fe noc i Serato San eae Penn. State Coll. 
UE ST AROS Air Ah te eee ii Soon en Oe Northwestern Univ. Med. 
eerie el UL gL Uh bc, 9 9 sc eee tte ee eee on oe ee ae nP RCE PR ease NY: HP Univ. of Calif. Med. 
CARSGA YEON at thn Cr saute ante er eR ar ood ammsh eieaeatence Univ. of Colo. 
ECs oth age WE es ae eet 2 oe = em we ON OPE ee Chicago, Il. 
ee) A ce Nae eae MacNee ee taeda asd sere A eRe Univ. of Pittsburgh 
Gusmnde, Alexaniler: Bie 01.1) Scoot Kilns dancth abcde Presbyterian Hosp., N. Y. 
Gry eter Mit Chr ate Herre teers a hae ea ho he ce eae ee Univ. of Wisconsin 
AS OTE aw rel UT lip arte tery nee A cnet nauk See Ne Western Reserve Univ. 

LO ELAN CN gets Coe ec ore oO aie ag re Ben el ere Med. Coll. of Va. 

laden byt ssel ae rete 20 NP A phe ae elvis Fe nt cece oa Cleveland Clinic 
DET eral eye met) peeeneneeee a ee te, Sande Been mene eae W. Penn. Hosp., Pittsburgh 
lekydqaciyciase, 181, 1iveloeimm epee ee eee Woman’s. Med. Coll., Philadelphia 
Teh: craen VV el aetna rh Tey sere ee erent ay sore tree ane ers eee ese ee eee Cornell Univ. 
Eta oi @harles iene iss. ee. Research Div. for Chronic Diseases, N. Y. 
Ererlp ers rkecibetiw Mt metus =e sche nee) a) eae renee eee Hebrew Univ., Jerusalem 
(EArt may sul Ua cana pe tee eso ee eae ee eee ieee ee aoe eee ct State Univ. of Iowa 
Tap RE rie ba Vices. tae ee Rt Sl AO sve el OP 8 Univ. of 8. Calif. Med. 
AFA call UP (© eerie Pane sae Pape era rise Sapien Bs Decne ee ee ee nae Univ. of Colo. 
Vere, Citi IE ee Se Se a es ae ae oe rer oe asa ere eo creer New York Univ. 
e242 Ge ol UR ye ORE Se nee eine akin aren ae a ee ee Stanford Univ. 
1B Eri Sef) g Ve bi) Use A ie En Ger eRe Be ee Louisiana State Univ. 
ig ETO Fetes te RA ere a pe eee ee Oe Tulane Univ. 
NET eal Serypwyk-O DG tage eterennse tema ase ste me. ye eres tee N. Y. Post-Graduate Med. 
JEL DA YORE NOM Sieb Of cee Perens rreee creer ee eee Western Reserve Univ. 
TS PERETTI GSS ul 8 BS ES SSA ee oc nr Pe cera tah aR ee SRT aaa Chicago, III. 
LB oh FEDS: Rh 2 CN Sa epee ie eee ne em nee RI rece ee ee Towa State Coll. 
1 AIS SRST O Es 8 sk I OU ed Rep Re a ee ene OR SEC Re American Uniy., Beirut 
NETH © el nas yew nee eee tee re ce, ee eo Peete reppererecere Uniy. of Oregon Med. 
Ja Wa OL cir oN ba ip IRS a a ee ee Presbyterian Hosp., N. Y. City 
1B Wyn lrDe 14 Mec ey Al ARR 200 AUS ween Ss el te Sena IRR Ea es ERA D ER er Univ. of Chicago 
Eien koh) ieee sneer ene eh eee ee Sa te ssa Culion, Philippine Islands 
AF-Ti ear 3 TARE am i meee eeiaes oNe, weoDe e eee Tae .Scsese snes eves Pe ee Cornell Med. Coll. 
SMe eM os eae tire cence a Non Io Sos ead nan odsevuspased tendssapoaane sek Univ. of Minn. 
GSO UIIVE NENT ys ON & Stein Ree eed tee cee Columbia Hosp., Milwaukee, Wis. 
AF Tiere ae ice eee seared oat ae stg eg Ne oo LUG anos aeceetnees = ceases Western Reserve Univ. 
REA aM daa eon oscar hove28 ede aaasseh a ungeacdarwasentadOOladnserchn Stanford Univ. Med. 
BIER Feige he, coi Ua pap dl a iad nae Be ee re Oe eT Rare ar ae NP Pasteur Inst., Paris 
BT Ley Me cee Ae ea dae shes Case Sab ca damnasadlsek coh estos tae ease raone Cornell Med. Coll. 
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Hharkins, Elenrey Ncse-coJospatsstcivsnsevacssteawtoetemteers seen ata Henry Ford Hosp., Detroit 
Harned, Ben! Kivsiisnee ee eee Woman’s Med. Coll., Philadelphia 
Harris, Isase’ Bijcicccceccci chia sec tacntenh erases cancer ences eee earns Tuckahoe, NGG 
Harris, Meyer MM... 250002) 2 ottesncce eee N. Y. State Psychiatric Inst. 
Harris, - Willig Th. 2 52.220 scscecscteees-teossscercsuverencet steeueer acetate deena ae Tulane Univ. 
Harrison, BR. Gee a ccceccsesicntie i ccetocs tecnetesccte es eset en eet ese pemee  tesee eee Yale Univ. 
Harrison, : Roland: Wsacipcc.o-stgts- denote oct caustorese on deme rete wanna rarer Univ. of Chicago 
Harrop, George: A... Ji. sek 8 oiectcc sporti cto atete cone pear New Brunswick, N. J. 
Harrow, Benjamin ........ AE BAY paso tee Ree Coll. City of New York 
Hart, Wed with Bie. ccc 6520csee2 oe aoe cea neta ene eee eee Univ. of Wis. 
Hart, George (Hii yk toe eae ee eee Univ. Farm, Davis, Calif. 
BS EN gist: 5) Mae! hte: Wee enna ee Pere nn moons tec Ohio State Univ. 
Hartman, Fy) Wis... .kteacch irene eee Ford Hospital, Detroit 
Harvey. Be Newton ccsc sl pe pee eae ne Princeton Univ. 
Havey,: Samara (Cx cos ol safe oes ec e eeee e Yale Univ 
Hastings, Ay Baird svcc2:5 cnet re eee Harvard Univ 
Hastings) Bp Gicie facctcicic epee Sen ee eee ee Univ. of Wise 
Hraterins, Ey (Q)cse0 ccc 20.2. oi ccscesceteatcce se eee cee a Wayne Univ. 
Hathaway, Hod ward: Sco seston eee Tulane Univ. 
Haury, Vc Ge eet 2 ee eee es Jefferson Med. Coll. 
ER WW ye Ps, Boss cee oe sce eee ee a nea Ta N. Y. City 
Hayden, Charles: Wisc.) sg, eres ee ee Cornell Uniy. 
Hayman, J. M.,\dr.3..8 RR ENE eE ee OS ER oe ec « Western Reserve Univ. 
TBI yal evened, SERIE Vik ee cnerereeemcenserrecesconc Singer Research Lab., Pittsburgh, Pa. 
Heft; Hattie tistics oe ee ee eee eee eee Columbia Univ. 
Heenaner; (Albert) Hae Ae 0 ee ee eee eee Syracuse Univ. 
Heidelberger: Michaelis. ic2.0 2 ee ee Presbyterian Hosp., N. Y. 
His Cevb oy eay bay cael Wun | eseteeeat ty eee Se eet nee meer NS eR ee ah i Univ. of Pa. 
Plenary crn syd) 328 ee es, LE La ene Columbia Univ. 
ELembecker, (Peter vic. anne. ci a re oe eee ee Washington Univ. 
EVO Lit SO Se ee oa eee a ee ee New York Univ. 
Hellbaum # Arthiurc A” Otis ee See eek nes cane Univ. of Okla. 
elmer, .O. IM reco cccck ceca ete nae ee ee Indiana Univ. 
Helmholz,,Henry- Bl. acess tek eae ee ee Mayo Clinic 
Hemingway, A. ccccheeit 2 ck ee ee ee Univ. of Minn. 
Heridrts, Bo) Mice cee tere ee Univ. of Texas 
Henrie: Arthur’ To ee Univ. of Minn. 
Henshaw, Pr'S.c.20 5.02 ot eee Nat. Cancer Inst., Bethesda, Md. 
Elepler, Opal Ih Soe 5 se ee eee Northwestern Univ. Med. 
Herrmann, Gestapo 4 hee ee John Sealy Hosp., Galveston, Texas 
Herrold,Russellet), 2 oA oc1cc nates Univ. of Ill. Med. 
Herizman JA Ute ose tie ee ae sa-ucpaspevuateres eee eee St. Louis Univ. 
Herwrel (Robert eis a eee el ee Georgetown Univ. 
Hess, Walter’ Cees an. ponbesabnasanseccguucteee co Meer et Cates eee Georgetown Univ. 
Hess, Walter an 20:20 -c.5 0c. ap Serie a ee Hamilton Coll. 
dlesseltime:s He On ee eee Pinson souasebetaee toners eno nee eee Univ. of Chicago 
hewitt, ees Ar sceucee trees pbadecivas icici ee Iowa State Coll. 
Heymann, Walter. a0... ee ee Western Reserve Univ. 
Heymianss J. (Cave). ci a. ee en U. de Gand, Belgium 


Hiestand,, Woe) Ascot fe. ences eee eat tee te Purdue Univ. 
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HEED PE a ewe warm u e cc he ec Beh ay bade A Creighton Uniy. Med. 
CEB fa se fete reese etc cctees ent ns cana ghcnareRece ok ptewet Univ. of Colo. 
ERSS0n Vol GE ed On toc aoe A cased ors rnih ce eeeseaseneuesan tec aanswecneua’ Albany Med. Coll. 
EES Cee ed IVR ae eh Ss ae cnc a enn ascent hn lecem aise Peasae tse State Univ. of Iowa 
Tebvapene yay, TRG AGE a ce. ee ere ae meena nn ed Ct end oe ein Re ty Wilson Dam, Ala. 
BEET TAAL TA RU TST | Kae ed Baa en Pe CEE ee te fas Ue ae Univ. of Calif. Med. 
IB pr kts PLEO 1A STOR gn cee oe ean seh ee Carbondale, Il. 
AEP SG yaad oa cet er OS RE tans Cornell Med. Coll. 
Ei Shinyae lm eterna ec tes oe er Peter eee te eee ee Mayo Clinic 
EI 2e STR el egy Weg) cg Me Os te RS So Univ. of Minn. 
JEGS We UNS lp os a tadens UpeleW ees Wie na ais Al reg teeler Rinmene ner Sree My Harvard Univ. 
UE LU Cea Ex03 ial a 2 eather Se ben hg pas TS oe Deets 2 Mee tet al Ohio State Univ. 
VEU IY yoke) ARR O TG G) Go ace see sae mean eet so, Wh BODIES Ui ar ln pe POEMS Ry ese wee sta R| Univ. of Pa. 
Pio pion ermevinchi acl meee san ee eee. See ee ee Univ. of Calif. 
US VGyeFES) TE hel OR a lured tes Sch dese vern haan Soran se le ISSUE Sen Oe Wd Univ. of Rochester 
PE EOE ONO Els, Pa. Jae Oper ee ee hace te A Pe ee eS) Peiping Union Med. Coll. 
Eel catra saa NV oes eee eee la) eee ee ee Chicago Med. 
Je btyeiie, SANS e iG p cnas poe seueartenee es nee eee NaS A Oe Sle SOR Univ. of Mo. 
LEMOS, JBI 1G ea iN cea ole ace ee nae oO estate Se Ae Univ. of Nebraska 
HoWanderwicennklininwen 2-2 aes Se ee Mt. Sinai Hosp., N. Y. 
Holm, Seats Me een. oss deciles a: Dept. Agriculture, Washington, D. C. 
VERON ECORRCEL, LE ei by J ee ones get pee Re mene Phy ee eee AEE Sree see Ry te et! Stanford Univ. 
TEPOEAD IA TANS 3 WS nance 5 ee el ep ONE Re ED cee Univ. of N. Carolina 
VE Ve) et ve alae NE, Win espe erent aise eas er vee a ee ee ern EE Univ. of Toronto 
TB Best) wba LER CTPEN Ted eee mmce Ree erst Mepaipek epee te. Ov ae ae ae Johns Hopkins Univ. 
EGO KC TMM AV ETO T Ente a ere eee ere eet rer ee eee Univ. of Pittsburgh 
HBheGleqeie, “Sean e a Wa ee ee a ae ae el ee Ne ene te Boston Univ. 
JE Dogan eu aS! AI CE nw bal ep ox wrepbeent amps cats cen teen oat oa RERUN ER Ss Columbia Univ. 
Ja bosestited |b Vis 01 Dep te pen, fll ema ee ean. es ee ai neat me an ee ee Rockefeller Foundation 
LB osiesl aye oc len peel ove hoy aleeein epee a aero te St. Elizabeth’s Hosp., Richmond, Va. 
SEE ati” gh Ne SoReal Dna Ne Ry AS Loy Rent ne oR MEE OD Elgin, Il. 
Te vey caitayse, VAUD Way el ln (eek eee ee beet oe rr me emer ea ee Dee ey Univ. of Calif. 
Eons brstan c= ua es eee Lester Inst. of Med. Research, Shanghai 
Jeyec rE BLE le ollie Spain ly eal bean RO SE Seek Renee ae ener Johns Hopkins Univ. Med. 
Howermbarleh, ee: eee Oe Te ee Dept. Agriculture, Washington, D. C. 
ERIN FPN MEIN cso war enee ea tente doopousdaglinys ck caoash tees Michael Reese Hosp., Chicago 
ITs liteem bs CDT COWL merce te meres ens et Ae ne sacnsas cee See Univ. of Calif. 
Vevey, Jia ova LEA Shs eed ed eter eee ee aa amet en a Univ. of S. Calif. 
Dalit? SWS e aa oe oe ae en re eRe ae eee ee Sen Peiping Union Med. Coll. 
VaR MOG eee cee cee i en en Peiping Union Med. Coll. 
etuib bardeelvo ery Nenetiee ter ee eee ee ee Buffalo Gen. Hosp. 
TDP ee Cn ru LL Ueto oo cain Seng odastceneape oct dnsencwonmasenp reuesserscaascabte ss Univ. of Colo. 
EBERT Se ON ok Feat gets asa ce noosa aati e ental sastaanectieasnerenns Ohio State Univ. 
PARES CME EOLA ee © cog 9-0 uc ecbideys siseciauaes cbatucduadedoasdes sn selnsontottavee- Uganda, HE. Africa 
LER IGGC CTI A) EOS BA Na Un oe ae ee aR a Tee ORS Univ. of Buffalo 
LE Fs Se) C70 ish © ha 2. VSR ROO NS CaP op Pan EBS PS IDT oP DORR EAE SEP eo Western Reserve Univ. 
DE ITLS gig OR ECE RMU 5h BE oo fait deaaeas ved anh tense raters aa eat Soa auch Sav opaecnensa Harvard Univ. 
ET SINR KORA D ete NUS odes tase ctoc bn azul signtsavontcotoesBeecatemeedeasdetqaate=n New Haven, Conn. 


TUTE SEV IUD YING M1 Cates 228, faz tesy acess danztssctecsetseteatea tec tesecagsceeee sate oe tetan Baltimore, Md. 
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mgersoll, EE. H.u........0ss-csscsscesssenensesecsenecnsnssusnsecseascsnensasetsctecnener® Med. Coll. of Va. 
Ingram, Walter’ Roca.c.tscsnc-csnesecsecesectennecteacarttteeee rt comenararepnesecs State Univ. of Iowa 
Trrwitl, Mi. Receccceccecccstesactencesovoce aeevene ager teten ect tegen ser ener es eneereeeces Univ. of Wise. 
Trrwitn, Marion. .sccccsncesenesecvenvenstotcsesnnnoetesear ons Dben ganar bee tue Unset tccnennee New York City 
Tsaaes, Raphael .--a-.--.-:.2ss--s--cesensneenectecoseante Sus cuencerdecseranapnaenesntcsecseesacae Chicago, Il. 
vy, Amro wy Cs.cs ha Bac tos cectescoceeten nectar seem eters Northwestern Univ. 
[feess, Mosc ok secccsccd nea btewa dadstau SUaep orth den apteeet eae eterna eas Univ. of Minn. 
Jaretisons? Di Bi cccecg cases. teese ok Sekt ee eee cee eae eee Univ. of Cincinnati 
JACKSON EVGA | Wists swcene eee sce semen U. S. Dept. of Agriculture 
Jacobs). Hemiry: Races e sie tetyp ieee nese eee Rockefeller Foundation 
PT ogi fe) Ber ener ee OR PRE eR ETS oe recep ee Tufts Coll. 
Jacobs, Moy Hisss sccclescsctseaticcceesneen pl eda eae oles een meta ee cee nee Univ. of Pa. 
Jacobs, Walter A...2...2.-..--2..- NR eee a ie ences Rockefeller Inst., N. Y. 
Jacobsen, Victor Cec. occcucd-,ecbecaventacsetscecteepentouees = ewes nema eee Troy, NX; 
oath, ORY Liee Dose ee eee een ee eee Hosp. for Joint Diseases, N. Y. 
Jalin, Dheod ore ie .asc ss feizeeap eee scec sneer ee ee State Univ. of Jowa 
SAMESOTIy | HOUSC: feos sce cee ate eae ee eee eve Stanford Univ. 
Jeans; Poti C028 s setae caceaa dashes vee eee Univ. of Iowa 
oF CNT O'S hab fas eee ee ee ee ne Univ. of California, Los Angeles 
Jemseriy, ans] i Neve cecucese oe Squibb Inst., New Brunswick, N. J. 
eb PERI Dea, WW tas cscs dakecs ce eee race oe pede meee ee Columbia Univ. 
POMMN AY Wea whe ee) ae ek ee ee Vanderbilt Uniy. Med. 
AKOlainsonn, (Ch IN cecseee 2 tect au tae Be Oe Univ. of Chicago 
Johnsony Oz Cheated cg asses Aa ae a es Univ. of Utah 
Johnson, sh. Celene ee Se ee ee Princeton Univ. 
Johnsons TSBs ne foci escent secre eee cent Soe eee Yale Univ. 
Johnstons CGS 5 te eee eae ee Wayne Univ. Med. 
doUlithe, S Nov ain el eae 8 eres a eee eee N. Y. Univ. Med. Coll. 
Jonas; Leonie. ccte eat he ee Ri Soh leh deg Univ. of Pa. 
ePONOS Wawa IS, 7 ee ee fopt sce eee, ee U. S. Dept. of Agri. 
Jones elcenirie thie 15x ese eres 2 A eke wir ee eee eee Rel eee ae Northwestern Univ. 
J ONCS ile: Ts Sceseneh ton Bee eee eee CERRO eve ee eek St. Louis Univ. 
JOT, Fie Wie ctoe ee Cale i eres ce ie Parent a Univ. of Va. 
Lomstad sett aul: eee ees eee Barnard Skin and Cancer Hosp., St. Louis, Mo. 
JOS lint sit? Seek ene ees gS hte Enee Th et Harvard Univ. 
eURL Dy NLA Vises tac ereeA thos ccie ho e Beltsville, Md. 
Dnkees A Fash cea ha ee See ne Univ. of Calif. 
Jultanelles, Lo wis A sees ct 2. .c snes ee ee Washington Univ. 
Jung aye eerie ee aici eo Re Northwestern Univ. Med. 
dungeblits: Clans ot 5 ce ee Coe ere Coll. of Phys. and Surg., N. Y. 
abn, Mortone-O 206) eka ee pe ee Cornell Med. Coll., N. Y. 
Joann Ts Las Ohne tcc eo eee teehee Univ. Hosp., Ann Arbor, Mich. 
Kamm, CVO ese cecae 85 Sh ccs eas icne e Parke, Davis & Co., Detroit 
Kaplan, Alem spe teeei vecstan sed tse eo eee Univ. of Calif. 
Bee ee BE ee rere eee ee eer AS Mt. Sinai Hosp., N. Y. 
c gi PR oa caahatrscnerctansctecadnsttceonasaseopecuadsfabese sn reeah aon Western Reserve Univ. 
Waist, | laid wi occas one ie N. Y. Post-Graduate Med. 


Katz, Gerhard, 2...-,:0che. decy-cekshetss poise eee este ee Tulane Univ. 
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1k MUSE NUY SE ne eo a Pere eee Sern ee? Michael Reese Hosp., Chicago 
SNE TLON NEST os eles aad Soe ec ca cat doce asic wns eens ac etsancath see Washington, D. C. 
RGN AVEO 4 £2 FEN a, eR en a = St. Louis Univ. 
PEG Des RPS OT A cet. peers a. caren iat Wns tle cco Epa ec ccctonerset Sastre Boston, Mass. 
TERE feet, RYO) eye rN Ens a VR re dk ey amen On CGntin, ROR oe Ae Univ. of Ill. 
UPI IE TAS 8 SS ee we ns SO Ral eee ar U. S. Dept. Agri. 
1 CET ie AG Te NE ate aS 0 ae ee Oe a ON Univ. of Wise. 
fT EWES 9 ea a aon SE Se ee Univ. of Alabama Med. 
POSE ALE 49 [RE aa Sean aeeee ser Es EMteaet ene meee Univ. of Georgia Med. 
DENTS chy 1 ene hi) ds aes ae A eS ae An ete et eee ne Univ. of Vermont 
ASST AN Oe) ES Laat ae sae Rae aoe oh) Reed ge Re Johns Hopkins Univ. 
een alll apr Giri [ene rece ie eee tee a Seas Northwestern Univ. Med. 
GEN GTO EMU Ed EN Oe ra ee ae RSF 08, A ve Roepe yo Mayo Clinic, Minn. 
en dale Brorres try Bynes eae 2 tec een e ee es a eee nS Douglaston, L. I. 
Se era MV UM ea tts oo) ee eee re ene OM Ce J ee ee ae Univ. of Calif. Med. 
TOSSES ARGH dt Oca ee oe 5 28 Oe de Oe Rr Pol PRE oy JP Univ. of S. Calif. 
USS Parle 8S ah By A ee ae Coll. of Phys. and Surg., N. Y. 
DRGES Ee 0) tah Eh Fach ies 5 ioe neo oem ey OR DE Washington Univ. 
HRS VS NUNC: eek eee ohn Sane es, ore’ Gee ee PTS Univ. of Minn. 
AKSd clita) © larga (oy eee eee ee ee eo SRG rE ee ask Rockefeller Inst. 
1 EGU TER a 5 Jas Tele 5 et ae Rie PT APL N. Y. Post-Graduate Med. 
YEeiai a hero by Alls A Be she crs ot nee Sane cin Php wie Be Te Ne Pate Ry Rone ee Univ. of Va. 
URrra igs AO aia Larson Tp ace oer ne a es i er ees Lk Ts ee Univ. of Pittsburgh 
AG dg a BOS i Ie esate ee eas se ec PR Nera Wistar Inst., Philadelphia 
ASCE MMe OS C20 Hep tame ere en ee eae ee es enc ce Univ. of Minn. 
dG unisial likey ABI aub oy ake is a ae manne Rarer pe neaaoee 68 ORS nee ame nee ee as St. Louis Univ. 
UEGirel re oe OVS eh ea lB ye en eee State Dept. of Health, Albany, N. Y. 
TGS, AY DOF duet Os etek a ie ere ee is Pe ee eae ae Beth Israel Hosp., N. Y. 
Ve eel oe, NGS ea ee ar eet See Are ie eee Univ. of Calif., Davis 
ARO esva aiid Ly GS s oe spe ae Poe a SEN, de PRS SRE Ee ene se N. Y. Med. Coll. 
SAVE Tirntey treme Ne EV ATT CL) cere ote See ee tee ee a ee pew ee ee IR Univ. of Chicago 
DSI ive eee, ly WMA ass Ue Ra ne ma es als era pe Hebrew Univ., Palestine 
LEI GRD BY Nea ae a nee ns Si Ae ee Mt. Sinai Hosp., Cleveland 
VESTED Shits LU ee a ee ee ee eres Univ. of Chicago 
GES Re OES HEY oh a Ra 8 PP red a er ee ae Univ. of Louisville 
ESSA ELEY ihe 89 FO Sa ap ton Sa EEE Oe ROE DEE EOE OE Syracuse Univ. 
[sacar eayints y (G ay UO cannes cee ee ea les Nore cn ee es Ree Cornell Med. Coll. 
TESTHUEOIS OH PSHE NTN pene etna iol Be Se os eae ee Ege Mae Albany Med. Coll. 
Tego Oost. EGU of oe glee ae rae eer se oe ae en eae Reet Pa ee oe Detroit, Mich. 
DRG oye ney AEM ECG CC pee Se Ae 68 aa RR nl oP ne as Rte Oe MOS PO ot Univ. of Chicago 
EO epee UD acl eel Race cee pe eee en en Santa Barbara Hosp., Calif. 
TSononoh, (Cuavawel etsy LNs ce fe! aoe pear ee eae ee ee ee eee eee Univ. of Calif. 
SOU ed OLN reese ont ect season snciaacese seis vaceasantonnaerdi@eczerarnn Mt. Sinai Hosp., N. Y. 
AGUNG TCG] NS gal 20 ee an a ee eee Abbott Lab., Chicago 
DSR aSa ee, AROMAT, Ie saa eo ee Pree ee Univ. of Pa. 
160 SSO Ey GING TS 103) CE see epee i ine aren ee ee ee Psychiatrie Inst., N. Y. 
CG tA Uy COLO: ro arast opens n cane ckettacsovesacnsicoagersio tne Georgetown Univ. Med. 
SSSA INE Ls eres er ony set oon censor nrpmasnateagserian deve tEsubsacowine State Univ. of Iowa 
Nr eN pete LOM AE ee ede oral io ava as Mawes ns tou e iota caste cen ancsosdasenh Univ. of Chicago 


USCS) es Oils U2 hs Pe a ene Crown Heights Hosp., Brooklyn 
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Kramer, Benjamiti....:-.-ssscss-t eee cneeerar eee Brooklyn Jewish Hosp. 
Kramer, ‘8.0 Dz nesetee-s esse ode Dept. of Health, Lansing, Mich. 
Krantz; JC, .J rere eee Loti eee ees Univ. of Maryland Med. 
Krasnow; Pyamees iain eun conc eteeerere ee Guggenheim Dental Clinic, N. Y. 
Kriss Mice ek Juieliu tn eee Pennsylvania State Coll. 
Kerizenechiy,, cssvccc.:-isccse te tp letee cae eee Brno, Czechoslovakia 
Keronfeldy Pe; Cocos ieee seo wer ee eee Peiping Union Med. Coll. 
Kermegen,, AP scscccccatascccchadhcaeteteeae-sigys olen ae en tet eee ee ee Univ. of Calif. 
Kerdmbligar, (ie Bie. eeereres nen dae Oe Sir NI RS Univ. of Pa. 
Kruse; Theophile Keiis:. tse teste ce ee ee eee Univ. of Pittsburgh 
Kugelmass, I. Newton............ TER ee BND a chet ee NA ic N. Y. City 
Kunde; Margaret MS jcc...ccesecececcsstins coo toe eee ene Chicago, Ill. 
Koranity, Moses 202 cttseceeatet oe oe ao ae Rockefeller Inst., Princeton, N. J. 
Byovarntizy GAM ert ns hn aac a St. Louis Univ. 
Kiaroteb kina, 0) ccccc sth: dace. eos ese tieecee cron eran ag oo ae ee ee Lederle Lab. 
Kurzrok;) Raphael siti... rgecek cen eee Coll. of Phys. and Surg., N. Y. 
Kutter, tA 11 Ge sc. foci sac soces encgseee renee Irvington, N. Y. 
addy; William “S.iitse.nc tee Cornell Univ. Med. Coll. 
Tiambert, Ria Aj. .0 ee eee Rockefeller Foundation 
Lamson, Paul Dz, 3.c68 23a ee ee Vanderbilt Univ. 
Lamson, Roberts Wien sores Los Angeles, Calif. 
Tsanostield, Ds Wx. .:i2 ag to eae Queens Coll., Flushing, N. Y. 
Landis "Carney. <.ccessncedenent once ee ee Psychiatrie Inst., N. Y. 
Tiaidlissy 0 Mice 2402 ae ee ce Univ. of Va. 
Tari dis; AN Mise ee eee eee eer a ee Georgetown Univ. Med. 
Ihandstemer; Karl 2.0229 se cee oe ee Rockefeller Inst., N. Y. 
Wanestroth, diovell eee eee eee San Francisco, Calif. 
Taarkeuna, NS Wooten ects 2 cel reat) ee eee Charlottesville, Va. 
Tuapselty HOME oe gets face cdateccoscat cease sets team woats chiar ea ee Uniy. of Oregon 
Trarsony..” Hoe on series en ea College of the Pacific 
Tiarsony Wawa s2.cc-ts2.cccceew ite ace Temple Univ. 
Tiss, OIA nsec co. ess cased ee Tate cca es ac gee Detroit, Mich. 
Tarson,® PoS.0 Seek See a ee eevee Detroit, Mich. 
Diarsotig’ Ws: Piassccccctstcnateccacstian- coe ee teedepareceetre cen 20 Univ. of Minn. 
Taurens, Henry ii icead ccc te Tulane Univ. 
Lawronce, John Hiwis tks Seek ce Univ. of Calif. 
Iswson, Hampden’C,. = 8 2. cet ae eee Univ. of Louisville 
Treake,: Cx) 108i So a ee Univ. of Calif. Med. 
Teaken Juph | iee eS oe tee re ee Hygienie Lab., Washington, D. C. 
Toee,* Ferdinand «iS. 325 Ay oss eee he Johns Hopkins Med. 
Tie,” Malton O15 rose. saute ceases torseceeveeeos host te Harvard Univ. 
Teese; Chester B23. asta ssc ae ee ee George Washington Univ. 
Teehmian, “Av co. -.-n.a-cesteneet eo Wayne Univ. Med. 
Letters Mousse eine ere ee eet, ecg eee ae Uniy. of Chicago 
Trennietie, SEV) Ee oe oo ceec.cccateran clones ince nar ee Rockefeller Inst. 
Leonard; C.-8. eaten ee ee Univ. of Vermont 
Leonard, 18. Toi siete eee Rutgers Univ. 
Teonard, VW eader ec eae te ee Johns Hopkins Univ. 


saduasasicipe cee aate ot eee ee eee eee Coll. of Phys. and Surg., N. Y. 
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Bets aR ENCE AAEM hetero eee ee ee Arlington, Va. 
TESS SHORT SAS ck Oa ic IR a CO cca oo ect Ue lowa State Coll. 
Brera PEGE a Pe ott heck leo Bocas cecca insists ese Montefiore Hosp., N. Y. City 
LT 2 V1 (eee Beth Israel Hosp., Newark, N. J. 
TC VANG WeaINOGk Sk 7 or aetna focus cee Cornell Univ. Med. Coll. 
FEISS AYES SEs Ga ai AOR ek ZN GT” Seg Creighton Univ. 
ecb cemiemr SRN MEL GA 8 tel 2 aoe hs Rok fc a idan ee Univ. of Ill. 
LEGS) UY EN Pee Ra Ra a el Ta N. Y. Univ. Med. Coll. 
SRV AM ECO DOT Gri cc aap See oc ca 2 ee ss Presbyterian Hosp., N. Y. City 
veal es we EEO ELT Cle Ly etn Nh te Pa Se rete eho) 4 te Univ. of Mich. 
pews ho berby Ores 2a oh eee ee en ae ae Univ. of Colo. 
LST, | Fiat EEE DE SOE te ioe ae er rE Mt. Sinai Hosp., N. Y. 
DISSES RRE ices (Op: ice PRS Bee a ee ert es nk cree Peiping Union Med. Coll. 
Isehtenchein (luo wise 8 ter ace Hosp. for Joint Diseases, N. Y. City 
Eres (Ges Ea UE Rh EE Pe eR ee eee ee eee ete Cornell Univ. 
Uprect, (85 (ORS Ree eee a ee eee ren yee a ete ye ees Columbia Univ. 
i GUINEES. Perri hy Se 2 Ro are ee eee, cee es eee ee Univ. of Chicago 
UWaINe UENCE Seb ete As iat a eS EI meee eae ot So Pee ae Univ. of Chicago 
A Sh eee re a eee Peiping Union Med. Coll. 
UpEa TOD CTL ge sew elie Feed ea ee, Peiping Union Med. Coll. 
dDrearePReavancis UO CE a tee Seen erate eae ar A ean ee nen ae Oy Univ. of S. Calif. 
I ESways Fel Pease TB Yoh ave Uo [PY a Be a ce See oer eee Be Brown Univ. 
Dae sParterre O10 °0 | Wyse ence oe ee me a ora a Ge eee Georgetown Univ. Med. 
VStinticeal, JET ake fal \ Wie eee erases dere tet one, ie ei ee PP Cornell Med. Coll. 
aeigaraaiminede ict] CGR aren 8.8 ue ae teen he See ae LR, Univ. of California 
HEL rm opm Ae sete meee ree ere ETC ns tee hee eRe eee Stee IE Bar Harbor, Me. 
LPS ONS cee er ie ii aa eee cates yA, Peiping Union Med. Coll. 
LORI, STO eee Sek Bee ee te eee eee ad Peiping Union Med. Coll. 
WG OC Keg Ntm Lee Besos cet at ccesssla-,c tee W. Pennsylvania Hosp., Pittsburgh 
IDPS eS scam nesses 2s Dee ie a Le cal, i atid tes Washington Univ. 
TOG MBO DET g lees.) ee Pe owe eee es Presbyterian Hosp., N. Y. City 
IE eaeh ove bs. TRG) aso al OR eee eB ee i eee ee ene Cornell Med. Coll. 
INET Om NE oa omen epee I ee A Basan he eae soe Univ. of Iowa 
DUOC ee TSR wad (6 Re OE nd ee ee New Rochelle, N. Y. 
Leesa kaytiy OP NSB Se eee ae eee ee Leningrad, U. S. 8. R. 
LICE 2 RR See ee None ep cea oe Rae RA aE verter A Yale Univ. 
IDeA eh ee Henry Phipps Inst., Philadelphia 
faa aes AP Yea eres ge Be oe ee ee eon am Perec se Johns Hopkins Hosp. 
Vibasaveneroy aves, NAYS A Ae Be a to ey te een oa eee Johns Hopkins Univ. 
TROON OVI I NY PR ae Bea ee ee Worcester State Hosp., Mass. 
Sacra come WL LA TANIN Ete ops AS oe He ops ont actress dahuonts spre vadaccovipnniacsetusdsex’ Univ. of Wise. 
Iara A LER sas PO ase a ec estas ot cas daned an pxptarh deer dosent Univ. of Calif. 
I Pee RR I EM se este cnr esl fn Dele a nmeerunkoieduraest teres Univ. of Calif. 
BR ee tec at NA Moe enn Sk es cao oveeannsisapb gs e JbEb odes dasnustss onvevexss Stanford Univ. 
Me eS ALOE TLR YSMONe et ae a Ge ace ch dead Dnceev sano sbner pac eeiasaey Univ. of Pa. 
Disiear AIA LAN RN ESI 2 et ed ag ica o ca ep Deo tvs cbraasarenattonanaclaunesbasa ay Univ. of Chicago 
TASES TR Re CO SS Ge ae Rete eS Pan pocorn eo ON eerie OTT Chicago, Ill. 
Dee a EY ea scala ete Pat aba: rade Dails sans Sanaa Seo sess Sancslinedos Univ. of Pa. 
AEE NCH SLE Mae ee Ne a8 cea wa NS PIR Des He shades Snare g ned damn dventanaevcnenrangc Univ. of Texas 
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Lityety, Bac dl peeesss tage casei ce te ceca ene ee St. Louis Univ. 
Diyrngann, (Ji DP escecccaadcsdacecccscaccecumcc nse eee ne eee os pe er eee Ohio State Univ. 
Liyneliy Clara (oJ veces cccesneae cere staeeecee teens Rockefeller Inst., N. Y. City 
Liyoris; (Woo Rist cre eae ee Univ. of Calif. 
[YfcCann, Wrilliamn Sccsctcccpcicc set tet eee ee eee Univ. of Rochester 
"Me Cawpiary 3s Mice. t. cc, 00 eet ceesccees ee eee St. Louis Univ. Med. 
MeClendon; J: Wrantis.i5 1221 et steerer ee Hahnemann Med. Coll. 
MoéClintoelk; Janka. Wie. 22255 cocoa oc enn coe secon pese tee tuee eee eee earner Univ. of Jowa 
MoClurig, Ti 2. See ice neces cae eee oe eee Indiana Univ. 
Meo Colinas Tha V .cccstheeo aes cc tenner eee eee Johns Hopkins Univ. 
MeCoy, Oliver Roiccccecceccpi aap atic tc eeee sane eet Univ. of Rochester 
MeCallagh, Dy Fe22 5 gencenc tet eer eee Cleveland Clinic Foundation 
MeCutelieon, (Mer toni... -2fec 22sec tare sscr nenesenees Sreenaeveee eee eaaeaaereneemere Univ. of Pa. 
MecHacherm,. Donald 2 2pecessceterree ss eeneee sere ecereee™ Montreal Neurological Inst. 
Mee HINOy > Wie. Sszaceet-actecssnner-nde tsa acece eee er eee Univ. of Pittsburgh 
MeEwen, Currier.2. 222.2 2255 ee ee New York Univ. Med. 
MeGinty, Dariel! Alcs ere eee 2 2 Se ee ee Parke, Davis Co. 
MeGhiiean, ELS A ssa ote ee ee iene eee ee eee Univ. of Illinois Med. 
MeeTnto gh, Ru stii.tt.: =. see ae eee eee ee Babies Hosp., N. Y. City 
Mic Eri tyres: Ars a re oe see ase sae eee ene Univ. of Nebraska 
Miciisverss Mh Ass eeaits tia. teense eee eer Bassett Hosp., Cooperstown, N. Y. 
MeKenzie, Fo Pict tae ae ee eee Uniy. of Mo. 
McKibben, Paul S......... She SEs 2 ASE ae ee eee Univ. of S. Calif. 
MeKinlery,. Vo Cae eo oa sre eae eee eee ce Univ. of Minn. 
McLean, “Franklin” Gaston re ee ee Univ. of Chicago 
MeDMastor, oP ili py wD irs ce eens eee eee Rockefeller Inst., N. Y. City 
Mic Mie sara sya) CW fase egee ce oes ree tec naan Pa ee Pittsburgh Hosp. 
Dolce horid cig Bill Pomel Pees cut corer teers eae ea eeepc care Stanford Univ. Med. 
McQuarrie; Lavine: Saree eee ee en es ee Univ. of Minn. 
IME SSW 5 Eee teach once erat Stored cnc enn Peiping Union Med. Coll. 
MacDowell, E. Carlton.................... Exp. Evolution, Cold Spring Harbor, N. Y. 
Macht 4D 3. 4a eee Hynson, Westcott and Dunnning, Baltimore 
BOE VOLK ieee) Dae: ieee me een ner Scripps Metabolie Clinic, San Diego, Calif. 
Mackenzie, George Mo i.1..:..c..-cocccoceccttecsecseeses Bassett Hosp., Cooperstown, N. Y. 
Macleod, Grace cai 3 ce os eae ee eee ee Columbia Univ. 
MacNeal, © Ward) 7c). eee oe ee eer eee ee N. Y. Post-Graduate Med. 
MacNider! William det Bicescc ore ee eee Univ. of N. Carolina 
Mey To Gir ssc ts Pe cheers eS ee Detroit, Mich. 
Magath) TB vives scertcecence asst urcncte te ee Mayo Clinie 
HA Feat ld Neael aged ol eneetes Mere amines Mae em irre eth eco eee Cornell Med. Coll. 
Main, Rolland: Jin cnc) 2.cece te es ee Med. Coll. of Va. 
Maison,” George! die sim. 2c 2s en Se ee Wayne Univ. 
Malamud, - William 220.050 ieee eee ee Worcester, Mass. 
Mallman;: We Leroy. is: 2502: ee ee ee Michigan State Coll. 
Mallory, = Wrank <x 202 21s: Orne ee ce Boston City Hosp. 
Maloney, “A> Hi srisccc eh ae ee et Howard Univ. 
Maltaner 1s Jon Sn oe eee N. Y. State Dept. of Health, Albany 
Maltaner, rank: 22002 2 See ree N. Y. State Dept. of Health, Albany 
Mann, Frank C 


fo daianhiedenentavacraee states kosnensaeananeensearee tt aatee te eee ee ee Mayo Clinic 
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Vicari see Eet eT era eee eet ic ak fe ee See ee IN WC. Chany 
Hea oat BY dts) ge rr re er Uniy. of Oregon 
EVES AM San EC AN, "7 908 & Rees Cee ete en oS 2 Stanford Univ. 
LU rar LN 0 Vee eee ne cee Se ae meenET nt Syracuse Univ. 
Saari PRN INT ch, nae hc tect aleacee alt eataies ese Montefiore Hosp., N. Y. 
IVP SUCHIN el Oo Pets eee uta d vaya beet wudee SR New York City 
SUT Aol pe en eave tee cetera hcg epee New Brunswick, N. J. 
PESOS VoL VSS oa 8 Fae ee en Orne ee Johns Hopkins Univ. 
Bees ES ae AS RN ene ed em e oree EAL 7: Univ. of Calif. 
LTE ee (SUL S8 AYE: La 8 0M oe oR PO a Johns Hopkins Univ. 
fess Ni o. ARG Seka es a oe a ee oc ae ee oe: ee Johns Hopkins Univ. 
DUET ET Sy Gg Re ee Oe Ue eran eno Ae UO eT Bellevue Hosp., N. Y. 
ANGLES N ale INES OR «en 09 eC nen cle See eg ete ele Univ. of Rochester 
Wigs Nil itiee: 4 Beso oe ees eee een teen Denn erie ee ters 6a Ne Ye City: 
iE ETL) Cie eRe af oN a eee ele New Orleans, La. 
Dye Ota ye TN ee Fa 8 i. Bacyeeagamsedeiney ae wek State Univ. of Iowa 
1 CSS GC a 2S KL Oe Neer a eS eee ene Ee RET eww ees tetas Etna, N. Y. 
mit Eporov ey |i bob a ate National Inst. of Health, Washington 
IMExciy pe Tue lady Heat ae a eek ae ee Johns Hopkins Univ. 
INTs 1a pd Lon ee ee a ie ccs Bs ene ee ee en ane ee eS Tulane Univ. 
IVI yar ci ae | pera 2 2 eas Se ee ee oe Cornell Univ. 
eA et ettrhisemrel as cust eta ee aonee nc tat teehee eee, Ae Pee ay ee ee ae MeGill Univ. 
BK DERE (CCR OES a as ase eae eee Lankenau Research Inst., Philadelphia 
IVs ca Eero IV Tenet rR 5 eee tee a Mt. McGregor, N. Y. 
IVC Lee VV Fe Tac net ie epg A ee ee ah Univ. of Wise. 
Niecacctl EGOS ON ig 8s Es sso do Sees eee ce te ee Western Reserve Univ. 
A Fes cegsee |] Dy BEE ae ae ea Dairy Division Exp. Station, Beltsville, Md. 
URN ANA EE Gh coos on oa as snanstew send ntuae Diasec acdan W. Penn. Hosp., Pittsburgh 
SM WN a hacen oes eas Geek tn nagnsh echoed load ee ees Harvard Med. 
SESS, U7, WO a ane ee ee Univ. of Pittsburgh 
Wesel, UO 0 yo agate eee ae ay oe ef ee Ree tewennar eye Tulane Uniy. 
IM Wereaaw7e) IB). Utes eo segeete sparse cee eee ety Snare ne nee cee Jefferson Med. Coll. 
LUTE: ISHAM A DRE oe cat oes ae om ec ee ge an Univ. of Calif. Med. 
UG ER NS AN en et Univ. of Georgia Med. 
1 fe ES tL Sa ae SO a Johns Hopkins Univ. 
SS I NT gS ee ne ek En ee aS SOP | BAY N. Y. City 
UN Genres TN As cat ae omits een iene ene ee ee Oy oT Stanford Univ. Med. 
AVY Say re aE cre eerie ore ose 2 8 ess ca cca seeeee ape svos Coll. of Phys. and Surg., N. Y. 
AVG cere gl Mm eet Ste TO SP Bee ok Wan te Sones Seta od Nn nag Univ. of Calif. 
ING as a aN rs ee i Bassa aetna nde atinda heaton nestusacees Univ. of Wise. 
oa eke, Se A tn pe eee Ee Univ. of Wise. 
IVE CLSRAAING)» VOTE Na ne 5 en eeteee NAA an GUE ee ccm Rockefeller Inst. 
FRVNies tao es Ne ree ieee a sa Sriasng cain soins Sodan ona cdewie ade igdesaese Jefferson Med. 
IMU KAS eNRon aL.” NAY. TS kesscnecce ee eee eee ees am Re Pei merece rer or Univ. of Wise. 
Ces OMAN Pees Ne Peek at 2 ces Sap An alcno coun raspyoduvacovalzaanaiestae ea atare Yale Univ. 
SIAN ee rete AR a gu 2 co enn da adams ogeheoeseeyea peace Cornell Med. Coll. 
DEPORT a MANU Ye Mey dre casein cocan cus ateaniceinconahd end vnoBCo open nocd ase Univ. of Chicago 
TWIGS 1S), MG 6 5. | lee: dane nel ee en ie oo ee Coll. of Phys. and Surg., N. Y. 
UV UMS peed I el Bs eek in Soe =: (Se Se Reo se ee Univ. of Minn. 
Su Tren rats LUNE ets oog- a caseasiecesbcnzoous scceennoqeoumiosaanaiatavadesatease Jefferson Med. Coll. 
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Miller, red erick : Rss. 22:s2csudeccucencoceap_neoence ere are mere reece Univ. of W. Ontario 
Millloa,. Gis cE sep oe tensors 2c sence open yeee ce tesa eee Amer. Univ. of Beirut, Syria 
Millet, Joh vAs Piicdoee cect ite octet rece sso oeeees errno tern ee eres N. Y. City 
Minot, George RR csccecccece-cccec enact onto arse ere eet meee Boston City Hosp. 
Mirsky, JA lived. Hie CU ae ae eee Py sb dh Oe eee eee Rockefeller Inst. 
Mirsky,.le sAre bar ace ae cee ee Jewish Hosp., Cincinnati 
Mitehrell Helen: S ccc ie, s ponte ecesetecgsdeccope>venseaetineren ee eee eee Mass. State Coll. 
Mitehell, OW ei Hck cee cee eg setenceetegeeeeteeeee Syracuse Univ. 
Molitons His fix. Ste doscp chen ce coach or eee coe ee eee tame ae Rahway, N. J. 
Montgomery, Mo: Lise. ccnececencovsncecstsnsnennnnmwtere. concermsameeaencrteereres Univ. of California 
Moors. Ve- Bi acide ot ie ee Jefferson Med. Coll 
Moore, Ass Recge-ciccees eerie ok ee ests act eee pee te eee eee Univ. of Oregon 
Moore; Gar] Riigicshce Secs hase ec eee ee eee Univ. of Chicago 
Mictore tM 50M cp ceccnzent wesstpenal stag cuee dca de cela teen eee eee Univ. of Oregon 
Moores: Rie Artes os ie Se ee ee Washington Univ. Med. 
Morales: teroy; Psst eee School of Tropical Med., Puerto Rico 
Morcan, Ageis..0.3 ae Univ. “of California 
Morean il) Hite st. Oe eee eee ee ere Calif. Inst. of Technology 
Moritz, Ace Rat A ee ee Harvard Med. 
Morrell): JimA2: 23. 555.ccclcon es cameo ee E. R. Squibb and Sons 
Morse; Avthins. <2) Se ee a New Haven Hosp. 
Mortons Johny Jest et ee Univ. of Rochester Med. 
Mosenthal 2H Or 2: 2 ae eee eee N. Y. Post-Graduate Med. 
Mac WV oot ee Pe Sa eee ee Peiping Union Med. Coll. 
Muckeninige Re ccs. cseh pn aacp eee een eee a N. Y. City Bd. of Health 
Mudd, Stuart ........ Tee A eee ST eee eR RB ee ke er Univ. of Pennsylvania 
Mudgee aGa Site tis 2 0 eo ee PS ee Eee ee Univ. of Calif. 
Mirehl berger, Cs W. Siete: 2027 2 Se ee eee Northwestern Univ. 
Mueller.) Sq Howard 22 5.2.15 keen ee Harvard Univ. 
Milano s 5) MiG eee eee et ac ee eee eee Coll. of Phys. and Surg., N. Y. 
AS Tas es ee oe ho ee Western Reserve Univ. 
Mn Mer. Gg Li netics "2s a i eee et ee Cambridge, Mass. 
Millers EE 2 icc, sod eee tases tale ace te oe ee Edinburgh, Scotland 
Mullin. Wrancisad 120225 aes enees eee ee Univ. of Chicago 
Muntwyler; Ddwardie.2.252..0.94 ee ee Western Reserve Univ. 
Murlity Jobny Ruscha ee te Uniy. of Rochester 
MurphyuDs Bradiee. ee on oe Se eee Univ. of Pennsylvania 
Morphy p-di- Bises eee os 3 ete Rockefeller Inst. 
Mourray, «Thowiag (dis... c.eces c-fos tee ee Rutgers Univ. 
Musser, Jobin Hic). a te Tulane Uniy. 
Myers, (Chests Nyce scacoictcte atau ee Columbia Univ. 
Myers Victor Ce. 2.2 ney ee Western Reserve Univ. 
Nader, J puRiMest oo aaa k eo oe New York Univ. Med. 

Nadler,, Samiuel Biss, 52. 2cste eee ce ee Tulane Univ. 
Nathanson, (TA cee g. ee Harvard Univ. 
Nathangon Morris, Hi. 2s6 ci 35 nce ee Los Angeles, Calif. 
Naumann; Hi. Nis .cet Sas ieee ne Brooklyn, N. Y. 
Necheles,\ Hei. ee ee Michael Reese Hosp., Chicago 


Nedzelf-Ay Jisteo® if. ee 2a ee ae eee ne Univ. of Illinois Med. 
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USE UT 8 i DiI SF ds A Cornell Med. Coll. 
BSB i TOSS o 1 Ie ae a a POO ee U. S. Dept. of Agriculture 
Sie Serta LE gat cr | Nee oe eee ee ee me ele ee ape ere ee ane. Tulane Univ. 
ee) 0s “erty a hs Ek © Sie Seer © ener Se eee ee ae SS Rutgers Univ. 
LIN SCO vamm al @ 00 Tops hoe eke re ee eo Me ae eee CN coe Ah al ae Iowa State Coll. 
Leechs ANIC GAC och 2O eo Atte Mae ce oe SOT Wayne Univ. 
re Lo aap Big Co het. there cs Ao aS en oe Univ. of Buffalo 
IN Grivel Savn Cone erie Rt 88a elk S New York Univ. 
DE Ga oF ST Cg e (a eens NO ee eR | A Univ. of Michigan 
IN yaratepra nm lel Ora Tyan Vee mote en Sees ee ee eee re Stanford Univ. Med. 
ANGIE Sea Ta 0 tere Sve oD oe eae doo 2 oe Lester Inst., Shanghai, China 
10) So Pg Be oe, UR ne eee ee ee Ree 2 MANE cr Chicago, Il. 
IIa Ia Nhs nce nce a lobes eves Between cde oarodc ee Yale Univ. 
er a Nao EET ON Ch Boe 2 en CT Danville, Pa. 
Je aso 1s [SUS Bk. elke ie en ee ee fre eA Univ. of Wise. 
INC HOlsorarmel ay dene Gee ae a eee Ln ee eee Univ. of Mich. 
gS CE ALE 2 ae eee Abbott Laboratories, Chicago 
PRUE DS VAGN EP ET OT] Up. 2 a act et mn Se DC Cornell Med. Coll. 
INkOredis|. TOGW EL iia: ke eae aaa mele eee nie en Ue cera oeeeens eer Univ. of Wash. 
ISVs loa, (Coe. 2 ee cer eee een oe een Me an ae! Cornell Univ. 
OT BPO ome) O like bie eee ieee oa Rockefeller Inst., Princeton, N. J. 
USDA POPE ly DG Sec, ca ee eee eee eee Upjohn Co., Kalamazoo, Mich. 
NEG WAVELET CK Gente Os Pe ha PT ee Rt bt ee Univ. of Mich. 
INIT CGO TS NY Gmc eae fee 2c ec a alee Ne As eee ae heh de des pen etn Univ. of Mich. 
ING ae IRE ds be eaten See ke ee eee ee eee Boston City Hosp. 
OF REIS SNe 05 7e-* NUP Nay de Sana ee et ee oer Bard Coll. 
ROCA Tr a VN ate aoe a oe eh op et Seis tece nes ae ee ee eee Tulane Univ. 
erie RE otic tae eee ke ere ee Se ee en Eee ee MeGill Univ. 
CYSTITIS ee ne ea ar en es Chicago, Ill. 
Ore Geri nT Cee eae ns Acoso ak erie nnn ee canon el 2d omnes pinta eS Univ. of Calif. 
(OS cero ret Lite sy eee cs ae Aen ahs al a cat ee Uniy. of Calif. 
Vell ete ie HG eee ee ae A So ee Univ. of Ill. Med. 
CO) LG ea Tyee) se inc wea et meet a ed ese Des Saas ed Washington Univ. 
CL Sa ial Se ea 5A Ae a ee Rockefeller Inst., N. Y. City 
EG CON ISS SRSA Oat AE oon oer SE EE Long Island Coll., Brooklyn 
(Osu TeV VSR reese eee 9 see Sr eee ee Long Island Coll. of Med. 
OTS Crh, AE AN Pra sas toscana see acento secap sen enn Presbyterian Hosp., N. Y. City 
OSTA STE ere ape VU tL) sec cee ea ee sae cna ns sence sw cacy seen rece ateeee eens oe Univ. of Calif. 
AOE EY fg 9S gn Bev terra ne ED Washington Univ. 
Oo Te ME Tose eas lis arenes eee, eee a sie a caw us te Cornell Univ. Med. Coll. 
Mee RC ete ey i ass aan esses dA dessa dais nine on ckecbtaee nas oackecssateneem Columbia Univ. 
OP erp MO ITE OO a ris st Tad Ao oa Saad su sass csldsudabaas siden capsdetoasonetacvasass Columbia Univ. 
MO eT ey VELA MN eee tere sich gta Seas eck sch abeS dodo enna Ed suaaeeieatais ondiadeto ae Wayne Univ. 
US ERO Ue Diego one EO Univ. of Oregon Med. 
Aa NN Fe Vc oem La gb Aa bate ane see Na apoet aaa ee ca manent Rockefeller Inst. 
OTE TAO CTO an Eee eee ne dae e 5. Tend. Eat doderet cc nwndansusbareeteneere=s Mt. Sinai Hosp., N. Y. 


HOLA oO MU ARM cect Sate aw tae Sse edad vas Sung savor sath dncnssenanndhdassekouasnemeas Yale Univ. 
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ack; George cD .isrcctncshcaicses eestor tree eee Memorial Hosp., N. Y. 
Provera, FE. WW cesseth cence cole cceph asc eee cae ee ee Univ. of Calif. 
Paige, Tarvin Eh cscescae cx cts tases stone totter een cee ee oe eee eee Indianapolis, Ind. 
PakiChubyniesece cect eee Lester Inst. Med. Research, Shanghai 
Palmer,, Leroy iQ cce cc onctassesocectecetecctesauseuu tresses ootees cane eee aaa erences Univ. of Minn. 
Palmers We Viscteccsosiccraassecucecetccstpecotsie aus sce aeescecese ir teers Univ. of Chicago 
Palmers W., Wtcpiecc. 5 izes -toreaeee ee ee Presbyterian Hosp., N. Y. 
Papanicolaou, George (Nix i sacescaeteencn ee ee Cornell Univ. Med. Coll. 
Pappenheimer,: A. \ Mas. Asvsscsssecssasncosteressacseeonters Coll. of Phys. and Surg., N. Y. 
Pappenheimer,: Ac Ml Yiics-caesccn nce sccuecorestooes sone een ee Univ. of Penn. 
Peary, + His oss sh ces cscedecaut ope  Bk apa cee Johns Hopkins Univ. 
Baar resp Bure 1-1 ire) ese se ecase see ieee ease aac one Boston City Hosp. 
Parker, George Fics. ftetscaec coset ears oo coy tere eee ee ee Harvard Univ. 
Pai rere aal otye VV pec este eee ee ae ec on Ne a a George Washington Univ. 
Parsons, Helen Toc. a. coccscochs sexe see ca ccezee ces eae ed os eee tee Univ. of Wise. 
Pais@likis 9 RG Bi x ccacsa cee tees eee Jefferson Med. Coll. 
Pattersons uy lbs) Uses cee eee Wayne Univ. 
Pra W allem, 50) sc eee os ew cee ae oe ee State Univ. of Iowa 
Pearce; Louise. 2:2...435.s00 sense Rockefeller Inst. 
Pearses, Herman! His co, 2. ie ai etes se e eee Univ. of Rochester 
Pearson, sR aul ps2 ee ee ee eee Agri. & Mech. Coll., Texas 
Pease; Marshall) o2c2< bol eee ee eee ee N. Y. Post-Graduate Med. 
Peek; Samael) Mi ms 2n. soeeueet sae ere eee Mt. Sinai Hosp., N. Y. 
Pellivin,, Bint 7 cg. ees. o8 eee ce ee N. Y. Univ. Med. Coll. 
LeCepanl)asena noisy, MAVEN ONO pce esce Roccomacaceore eceoeeenenes Memorial Hosp., Abington, Pa. 
Penclarz Wis Us tek 25. A oth a2 ee Reece er oe Kentfield, Calif. 
Pentield, “WildevoG..2023 2c tn ee ee MeGill Univ. 
Pepper, OsvEl.. Perrys 0 ie eaten eee Univ. of Pa. 
Renlziwete sa Wellin am ge Aten etree es nenees shoe Ft hea eg ene eee eee Duke Univ. 
Permary, Howard A oc sre nace ea eae Mercy Hosp., Pittsburgh 
Perry: Esabella.s i... 52 tes ic ccey cc seventeen ee Univ. of Calif. 
Peskin, “Samuel: occas cccdetet ste ccs te ee Cleveland, O. 
Petors;< So hin Pie coz f nee ee Yale Univ. 
Petersen, (WV ah Wire croak aoe yop ae Univ. of Minn. 
Peterson W «Hse sje oe et acy ea ee ee Univ. of Wisconsin 
Petrol Aca ae eee ee de eee a ee Seaview Hosp., Staten Island 
Petia CR rent care here eh, tere eet Univ. of Alberta, Canada 
Pieitfer,: C2. 0A ts. o. oree cet t cnn eit lee ee Yale Univ. 
Pfeiffer, Op Crea enh Beene miner eee cea a et es Wayne Univ. 
Pbeiton, lsc! ie es er OANA Oe Johns Hopkins Univ. 
LLG al are eee meen Camere ey | cst AS) Parke, Davis and Co., Detroit 
Bhemrister, Ui sgsi-s oscar ee 2 Univ. of Chicago 
Philips, Pic Hee oe os cree eee re Univ. of Wise. 
Phillips, Robertick pve ches dees ere Cornell Med. Coll. 
Bite EB ssc tryed teeter ceedereeea ese N. Y. City 
Pierce, Harold, Bere etc cart Univ. of Vermont 
Pilot, Le ee ee ra ee anered Wien Rarer a Univ. of Ill. Med. 
Pimenssen ys [ico sec seaee so ait ee Uniy. of Ill. Med. 
Pinkerton, Henry 225 cent scncks'igcetee ee ee eee St. Louis, Mo. 


Pinkston, Je O15 a: 32 cele se, re ne ee ee American Univ., Beirut 


Members’ List (ALPHABETICAL) 5/3 


TENTS yg Sea eS cdc aicdetialcscdcnndidace eee Bedford Hills, N. Y. 
Pravuitialig Marae te Mas tase cect ican Nat. Inst. of Health, Bethesda, Md. 
Ll FSR) U2 ee Cee a eee ee eer aN eee ene y deen Univ. of Iowa 
IEG BL Eph tet seca ore aa cpuae cma waco dana eedaseieearaeeencse Army Medical School 
oma har los einer aati eee t L ici A ee ree Uniy. of Colo. 
FEO ELT OeTa PAUL UL SU LS ote ae see ces eee eee atte eR Los Angeles, Calif. 
ACS Geto EE Ce ee ee 5 Were here oe ee Cornell Univ. Med. 
TEEN LOVE e AL, 1 ce eae ee ORE Eee CeO aNT ne ater Gee ee eee Northwestern Univ. 
Nace Oss dl: RAN PAS rae ee gO tein een Michael Reese Hosp., Chicago 
TE On Seppe Ene Geer A la cea Cold Spring Harbor, N. Y. 
Tet yG Uy 15 Wh Ui beep eee OE Pe ee Eli Lilly and Co., Indianapolis 
OWE TS RT OVC Tap Etec coe Siac oan le On ee Yale Univ. 
rer whe OEIC EA edn esa ets ie, eet nt ae Boston Univ. 
rather OSG POLE Ec tcl Serene Ries a eee ee Tufts Med. 
Be at Ce Lg 6 Deen er a ee nee STE Tne ae rece es Chicago, Ill. 
ESCO eS CHE tame Lee eet pe ate, fi LAS eo eid ee 6 San José, Calif. 
ETERS LOyiah pels eee ee PE 2B Pe De ee ore ee Univ. of Ill. Med. 
Os JET NS [OE ENE EO OP mnnEE er ere eeOTORere 2 en ecco Milwaukee, Wis. 

GTO yarye) Pek art oe ethene eh ee Western Reserve Med. 
Turn bay RV an er Se ors oh as, ezcih 5 eee Peter Bent Brigham Hosp. 

CvequTIs), TG ASG: y lee sees een ea eee ene ee Ne mI ee ee Univ. of Chicago 

CER Ett alaam 0) rept ale re ee a er ee ree oe Cornell Univ. 
Ra asseGeorcre Witeeest fis sok Le eee noes Inst. Cutaneous Med., Philadelphia 
FUR C sm eO tne Hae Wiser tas a22 hones Sees or eae ye en ee ea New Brunswick, N. J. 
PER eb el Ge Tm Need eee tenes cS A A Sete oes ee Ee Long Island Coll. of Med. 
AE Rye Un ae At YS ey eas es Ba 5 a= rane STE So le Ps epee N. Y. Univ. Med. Coll. 
TEEN OTN O Ny LDAP AYO NS ee reer peer ye Oeeeen ene arn eet ae eee een a Univ. of Colo. 
AERIS Gi) ea sam VY fame cen en oe Fr EN eM ok A otk 9 oe Northwestern Univ. 
SEV aD POO bom) 2h VG eee ees 2 ee ete week) ot ie eee eae Tufts Coll. Med. 
DEVALSTIATISS Ta sme Cop b cee reyes eee ea ae wet Stn 2 ER Univ. of Minn. 
IFVeU UIT Tenet 1 Oh wie ewe ee Niece Se etree te Ratha Sa tee ce a N. Y. Univ. Med. Coll. 
TENE RS bial lec Spec a prea Beet APE ee re Pane le ey Ne Re ep aE Univ. of Pa. 
UE Rea A Cage eee a 21 a ree eet So ae es Long Island Coll. of Med. 
VR, A Wena ag IY Cee re eee iy eee ee eee S. Side Hosp., Pittsburgh 
UE GN 3200 66 fo ed Ch pea ae sR oe Lester Inst., Shanghai, China 
FER 2i pare) aml eh a1 Tee oe ise nes yee ened ae oes fe et he cee ee Stanford Univ. Med. 
PRASCe(O Ne el Ba a a ee Pe ee Ae Rutgers Coll. 
HE Ve Olea) cre] cl legs eae ere nares tat at eo oa ee Univ. of Tl. Med. 
SRP rGIAtS ie 11D DN bo De he nt re nee oe aT POR ERT ee eI Fo Stanford Univ. 
UciidTaoials JEMG Oi Jee ceecrecperre cee ccerr eres ares ere ear ero ee Jefferson Med. Coll. 
URE SEINE SUCCES Bese, NNR Ser ci ie ea rer ees APR Arve eR Se aoe Univ. of Pa. 
HERG id CTY pe ery eae Se ce fe asset cave: ucseastoaee Burroughs Wellcome and Co. 
LE Cie ee) Re, WRIT ODT EEC TG Sete eee er eae eee ta pee PPE Louisiana State Univ. 
ety US vs aches ee toss arate cena rete sch evectntad Speech uiteney Long Island Coll. of Med. 
EA C1 AT 8 ono a ne ee Cornell Univ. Med. Coll. 
LR O05 GN Ea EI a nese oP Memorial Hosp., N. Y. 
Te Lely Ae AOL ce ee ee cee bees dre ton, ose nic tea deeeatasbasaahbiaeratesndaecso-s Northwestern Univ. 


Pole el 020 (6 ARS Rae Pe oS re ee Johns Hopkins Uniy. 
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Richards, Alfred) Nica ccectcteoce:scssuctsapcosuane ateacteeseeuneeaeoschecenee eurasosreeeataaee Univ. of Pa. 
Richards, Leal: Bitcsi.ix-1. pepe deere ener Memorial Hosp., N. Y. City 
Richards, Oscar W ssscescsceccescscnotso-secnastest gesolecthintasecenitccn =? ecaneeaean aoe Buffalo, N. Y. 
Richardson tA: Ps. i5.5t:-p coe tecnencttvctggy arte pee cre eee Stanford Univ. Med. 
Richardson, Ress.ccecsccuge.ceccsceteaconcyecetcizessassesoe.eoee ree aeeeire eeree oe Univ. of Pa. 
Richter, Ma ariee .ca0cse.cecetcesse-peeseacvetes-ceaersueer eee N. Y. Post-Graduate Med. 
Riddles, Oscaraseststpecececes eet Exp. Evolution, Cold Spring Harbor, N. Y. 
Rinehart;; James: Fj 2:22. eneee ence cere ee Univ. of Calif. 
Ringer, (Michael. Gy scsi ery ee ee ee Montefiore Hosp., N. Y. 
Rivers, Dhhovnras Mi oo cieok beacons, Sa cet nee ee Rockefeller Inst. 
Robb,, Jane “Sait ds gosee0o 20 ese ceat scale cen eee eee Syracuse Univ. 
Roberts, 2 Blimey ...25 sect -cbeg tec bractesecot tase eee Univ. of Ill. 
Roberts, Hie \Ghvoes ees co oececaecchecy a ca teow ee ae cee dane penne Chicago Med. School 
Robertson, Hlizabeth. Cire. :2.cccccseccssessecoacense-cseceesase se eepeene arene Univ. of Toronto 
Robertson, Oswald Hae..2 2... act eee CE en ET Univ. of Chicago 
Robinsons: Charles scx £:2csjcecza-eosee ere cre eee Vanderbilt Univ. 
Robinson, Elliott............ Batt WE cist een eee es Antitoxin Laboratory, Boston 
Roe, Joseph Hs. 2scesc-cccns tence eet enece cece eee George Washington Univ. 
Rogers, Wred (si. .2. Scie Baylor Univ. 
Rogotl JM neo eee Ae ae eee Faciadil apt ee ee Univ. of Pittsburgh 
Rohdenburey Geary ei Lcerseeeeeeeese aera eee ne ereneenee Lenox Hill Hosp., N. Y. 
Romanoff, Alexis: La.sc.::5p50cscongtene ee ee Cornell Univ. 
Ronzons, “Bthels-jsc.0 so-so ee ate eee Washington Univ. 
Rootes, IN 2 W shes se2 od cctee ai ccicactesecn non stonssonuees botvwn sel tes ceee cee eee London, Ont 
ROO Goo WV ats eens tee se en res ee Coll. of Phys. and Surg. 
Rosahn,.Pauls De ss 0 ee Yale Univ. 
Rose; Ambonu. esses eee Prudential Life Insurance Co., Newark, N. J. 
Rose; William) Ox 22202824 = oo3.25 oe eee Oe Univ. of Tl. 
Rosen ge 0am wel PL ioc css secevcne erect ee eee ere Montefiore Hosp., N. Y. 
HOSENO Wy Bias, C5255. o esos ees ates icles ae Mayo Foundation 
Rosenthal wlazareeseen onscreen eee Israel-Zion Hosp., Brooklyn, N. Y. 
Rosenthal, 8. Rats. 2.0.5 teed. eee ae ee Univ. of Ill. Med. 
Boss, | Vite boa passe sts ase cc ae ee cre oa N. NatGrey 
Roth, Georges Bing cece: 2 eee ieee George Washington Univ. 
Rows; -Peytoriy..22s 285. ecais 2 eee noe ee ee Rockefeller Inst. 
Rovensturie, His vA. 2 sescpeet nce ee ee New York Univ. Med. 
Rowntree, MikG. oe eee eps eee es Philadelphia Inst. for Med. Research 
Nasr avh oh Bus for gr )e wa Wea ah encima ae itl Seth! Worcester State Hosp., Mass. 
Rubinstein, Hivimanicet-s ne oe ee eee ee Mt. Sinai Hosp., Baltimore 
Rulon, ; Olin ois. 3s cose eet ceectin ace Wayne Univ. 
Ruehy Ro ber bats eco cet ek a gt ee Hunter College, N. Y. 
Touseh, Eb. Petter nce eo Univ. of Wise. 
Russell, Wig ©. .cc: creel 2 ee cee oe ee N. J. Agr. Exp. Station 
Rytend, D. Ag cee sgseccts.cpctuietuvetey iene oe Stanford Univ. 
Sabin, Albert) Ric ce cist scicee anasto at eee Children’s Hosp., Cincinnati 

Backs)" Jaeobses pscret ee care Me eee Univ. of Mich. 
Sabyun, Melville: 2... -jstetpe-necttiaryere eae ee Detroit, Mich. 
Salant, William, 00.0. Soviets ee re IN. Yen City 


Salle, Neal og ccc cctv scent encase en eee Univ. of Calif. 
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SS UUEERO Ear ora) aoe a er a cree ny a ee ee Mt. Sinai Hosp., N. Y. City 
Psa ligne Glee detec oe eae ea Boston City Hosp. 
REEVE GEIS PEP ARO NGL NIA Keiko wat ear el Rikshospitalet, Oslo, Norway 
ey STO Rid iL eae oe Ice | eae eee Se Univ. of Minn. 
RARE ae aN ep ihe a ch ee Rae Montefiore Hosp., N. Y. City 
REE eine a te oS are neem Mo cance conn Mayo Clinie 
ENOLET SEDER WN gx 1D Score oe oo oF i ena ler Santa Barbara Cottage Hosp., Calif. 
aemeene Malik etc nf obi oa ae Seripps Institution of Oceanography 
Pca ee Ve eee udp tt readbnnee! eminence ty sl Aa Rockefeller Foundation 
eh ka Sac bat Sg ene eee eee ee ee ne ee College City of N. Y. 
eke TT D2 2ice isa 1) eee an ee ee ee cr 1 OE Univ. of Minn. 
ee EEE Satie go lige [oe AON Orn ee Oe rene Sm ee Tulane Univ. 
BRS RCE A ELTA TASS IV i Min ca cote ata No id cal Univ: of Calif, cA. 
Se are es ocr eon ot a basen e ge New Haven, Conn. 
Dos load o 2 5 epee ena Mt. Sinai Hosp., N. Y. City 
eye) ad a Lil oe eee ee Beth Israel Hosp., N. Y. City 
Foe EERE OT IM Sh erat Np Seah a seco. es aaceta tus i gins Beth Israel Hosp., Boston 
sage US Ca STS Co hel eRe eke Cornell Univ. Med. Coll. 
peice Es A thc ie ose ee: ae en ae Dee noe Uniy. of Chicago 
NEL a We AE TS DOS cen See ee Pv ee Univ. of Pa. 
elses #1 i248 DR OL MS nae ee cD oe tO eee Univ. of Calif. 
VST ot Ty Te ea ES A a tee ea ee Washington Univ. 
pg EE 2 Sl C0 It Oe oe ea Ra Wesleyan Univ. 
Pe RM MN ce ce lh Eo Nd eae Detroit, Mich. 
LLG E ity ESOT Fie lle fs Ag ee SR Oe eR ee we Univ. of Ill. Dental Coll. 
SENET Cm Ce a RNS Gt pi ad ee ek aS ae Stanford Univ. 
FSC LET 7am) ae eee tee 3 re ee St. Francis Hosp., Evanston, III. 
SCUUSE Civ BUST C1 LE Vesna emer ec eee ea ey =e ee PE U. S. Dept. of Agr. 
JET! oh ey dD ie oe ea ea ee ae ae Pe eer eT PEE eee reer Albany Med. Coll. 
SKOOL Ds ie oe a PPO ee 8 OP er em Columbia Univ. 
SECS ING GL oy ER ae ee ae eater ee ky Boe Nc ea me esse mere Univ. of Minn. 
else. SSO LD) Fill & Behaeeatl ret lions: SRP Sn ORES Rese: Ra SA ean SE SESE Washington Univ. 
Li 9 0) oi LIN ae a en EE Sen SaaS ESE Tulane Univ. 
SSE E UT hy LEE coher 0 eaten Ie cone re nee koe SOND eee eae Western Reserve Univ. 
SHOU Wi erct bet 0 ly Sea ae re ee ree ce Sa oe RE eA Univ. of Rochester 
eager MW) .see seo Sea aN aN PAID Ba 1S Oh SL NL Uniy. of Tenn. 
Pe ee a de i ert tase neva ncdorasnvac oninesobhasesauedsctaneeeeenaes Univ. of Oregon 
rat hey yes Cand Uso bpsites eReaett ree etn ee ee Dom aeRO me nee EERIE Univ. of Wise. 
PSOE Cs NE ECL regis e  ae) yy nca Se tee St ciiastevtar «Jadax sn cndarnnacgunuvantle etavaoe Seemearre N. Y. City 
Pek ell tp dl So): ai Gee pane eons i ea eae oe oO a Coll. of Phys. and Surg., N. Y. 
presi boy BL ets sh ieee ail pee Research Div. of Chronic Diseases, N. Y. City 
We a Galicat bil la 18 I ne nse a es oan: Se aa DOE =e i SC Univ. of Wise. 
Re SOR re MCHC oi cae tle ee andat cecacaaccta ts rdivecncee Henry Phipps Inst., Philadelphia 
Bae YN ets are ee acta acted ace wach  c ues av asaueanicdaa odes naaaconsoeeestea ana Univ. of Texas 
Soh eT IBIS). ccceoeee eee: A vine om ee aN ene ae eee eee 2 MeGill Univ. 
MeCN ALDI LS fel Benes osc ah ek Sc tena deat ovcnck so eda roacate Readqsanesteaucarenceucnpaben Loyola Univ. 
"ORSINI Oe tes Lh ae eS PO Coll. of Phys. and Surg., N. Y. 
Scar al) Goal 8s 12 ie HS 6 al eS Re er oe Univ. of Wise. 
MN OM rasa aaa Passa teee iran ae Ace? enna ene Stanford Univ. 


RE RPL LEE pete oa Sars sensei neh eves akasonay san anvatactecnneeeesete Washington Univ. 
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Shaklee, Ay Qiscciesesagecncestccute tats sqccnrasoneden nleshentneeatensreteeree er na-e nemesis St. Louis Univ. 
platenebitoy Mere UN gaeerrcers Serseroret See eel at) N. Y. Univ. Med. 
Shapiro, Herbert ssu.coccsetes ence certe store een Vassar Coll. 
Sharlit,., Herrman: cisco sce cnec erence seule cece eee Roosevelt Hosp., N. Y. City 
Sharp) Pe Bosc sete cc costeenseact Saleen eve peer setae ae Cornell Univ. 
Shaughnessy; TU. ls. scccctscccceccvcocsrtecessseseecaceccsesPuareroemamtees Ill. Dept. Public Health 
Shaw, Ho. Fag: a scssscetivca ceyre Setesheecectpee sactecc edhe =e ener ree Univ. of S. Dakota 
Shes) Mia) see eect Ase eee Nat. Cancer Inst., Bethesda, Md. 
Sheard,..Cleavles, fs occseecccssssteckveecareck Sececa eects ta eee re eee Mayo Clinic 
Ghetwnim Jd sizscendcataciepinssnasqecepuact pesos sos aatieerees dane depabouaeeeteecezer ae oem eee Chicago Med. 
Shera ny. Elis Cpocoe cot eee aco eee Columbia Univ. 
Sherer amie a Eellears i) 6 yie cere eee eee Bureau of Science, Manila, P. I. 
Sherman, - James M25 .ccccecseces jeeps re cede Cornell Univ. 
Shherwita,; Carl Pe cccc6 See sas ceceg sh eden eee eee Fordham Univ. 
Shibley,,. Gerald: 8..is..ceteect8eteecue-cas ses eae eee Cleveland, O. 
Shillitny, Os W sccig at cenacteteccncab tes oben ctesececeee a teat eee New London, Conn. 
Shin. Hie ee oe W. Penn. Hosp., Pittsburgh 
Shiple,:, George el sects ee eee Univ. of Detroit 
Shoe kes. ¢ Nie Wy core. tees season ke So tee Univ. of Calif. 
Sho lal, cA Lire adi Ds co. ssl en  Soe ek cee ec Harvard Univ. 
RM eRe) Ooh, Outed he Ae eee ete ree eek ee Rockefeller Inst., Princeton, N. J. 
Snoary Bete Bt ca 21 tae ee Coll. of Phys. and Surg. 
SS Toy ee BAN eh TPCT OO 1 ae eae se Mt. Sinai Hosp., N. Y. 
Siap Richard: hls: Pete ec a Sas eee Univ. of Hawaii 
iekles, Grace Mugs. 2th ees ae eee ee N. Y. State Dept. of Health 
Silber ber ery Maar bi rise. cee Srnec ee ee ne New York Univ. Med. Coll. 
Duverman,.. D5 Nc ese .h is, secaScc. he eee ee ee Tulane Univ. 
Simmons, James S................---- Office of Surgeon General, Washington, D. C. 
RSaBeivon 1s CHme Vl cere etaee ee eee umUV Rema tes RECOBIECR IO Be ear Northwestern Univ. 
umel air, hte k ieee en cs oe ae al en se Queens Univ., Canada 
Soria he la) 2 ENS seas. 8 ena lak tia pace een dee Rockefeller Inst. 
ame sor (Gi some ern, 21 Cae a ee Coll. Phys. and Surg., N. Y. 
Smetana Hams o:-cccecsa caecsesst sons ee Columbia Univ. 
Smith, Arthur: Eh. fet occetcarssoskdeu cee ee ee Wayne Univ. 
Smithy, Capel Tie reo aves osc nt e Cornell Med. Coll. 
Sinith,» Claretvee ssi ois ok oe nd ee Bergenfield, N. J. 
Smith; Clayton Snes eee Ohio State Univ. 
Smaith, David Ts. cecc cess ccpctesepeceans: sooo ee ee Duke Univ. 
Smith. Hama A sede eo. tect Seca a ek Oe Iowa State Coll. 
Smith, Wired. Mess tees ps ceteccsciaieal dey ee Univ. of Iowa 
Smith. \Georvec V.iay eon ee Hosp. for Women, Brookline, Mass. 
Smatthy, le rey Pe aes oaths ace eee State Univ. of Iowa 
Smith, Homer Wt oo Ss cot ene a N. Y. Univ. Med. Coll. 
Smith, Lawrence We cc.. acs ee Temple Univ., Philadelphia 
Smuth se Maiticedl. see | eee National Inst. of Health, Washington 
Smith, MaMa sent ce ct arc arcs eee Boston, Mass. 
Gmith, Paul’ Kc saeco, 5 a eo Vale Unie 
Sratthyy Pall Wiese encode ace taee aca ote cre Univ. of Tenn. 
Sve, TRANILO). Blo ccceeecoce: paces cess swace lacs Sac. 05 Seeano han Soe ae Columbia Univ. 


mmnithburens WoC. xc haves. se ee ee Uganda, E. Africa 
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Hee am LUNES £0 Se ae LE Shantung Christian Univ., China 
plcttes: Berens st crete heceecct ep asctandbecaseeguthocss Peiping Union Med. Coll. 
UN UG ef Rote rh (vee ae ean eee te eee Univ. of Chicago 
Sobotka, H. H oe } 
; are ee ee ere Mt. Sinai Hosp., N. Y. 
Sodeman, William Se Fe ROT a te ee CnC me eR re Tulane Univ. 
ae te oe waostetanetensenesaensnsenssecntnnnsonenesenneestenseneseeertees Mt. Sinai Hosp., N. Y. 
S ny ‘orald Cae eh eee ee he Be Western Reserve Univ. 
Beer aes ee ee mR eae Jewish Hosp., St. Louis, Mo. 
ps ie ae Beetle Ie fovea ant GO mee Na hk: Michael Reese Hosp., Chicago 
Bh ee Bes a oe See ee ee ey ee tee Univ. of Mich. 
pene CAL oie eaten gent ones Pi aa N. Y. State Psychiatrie Inst. 
Shae 5 ECS SO ROS ie Ne SO) net a pe ce Ae Temple Univ. 
Spiegel-Adolf, tLe, oa na oer Oe: See ne ee ee es A Temple Univ. 
Spies, A ch i hos, I Birmingham, Ala. 
BSsae Seance Ehpe lie tet EO aa ae tet ee Univ. of Minn. 
eC Ue ees 6) WOR a Se ae ea UnivsoteCalits aA, 
eee OCS EA 8 Rats Si ae are eee Duke Hosp., N. Carolina 
SES A ag SE a can ee OE aE oe EP OM ee EE Danville, Pa. 
SRE a CEN 11S | U4 IEEE eee ae AE Ne WA CLIO ty DeeeeR e Rockefeller Inst. 
ve) ED CW RL OLE Sst Shey ee RE Re eee Oe Dis OO BE Hmory Univ. 
yan <2 CSHBU AR O26 [TN ee eh een et te ea epee ey Senne Cornell Univ. 
Peuera<@y LN LeNiase dB 8 ee arson a nap Re en grate e New York Med. Coll. 
Spee ING, of BEE tl ak ite Jp RR ne NE oer tee Northwestern Univ. Med. 
ICTS, 7 il iran 3 2 a a ROO ea NEN a Louisiana State Univ. 
BS Lee Leary 0 Hiatal erent oe cee Eee ce eet Neer ee eae ee: Welfare Hosp., N. Y. 
SUVS ee EaiiG 1 VERS ae ae eae RS Oe rey ee or Univ. of Ill. 
SS Pema meen lala xara eee ie ee a ee Coll. of Phys. and Surg., N. Y. 
RPA Re CET oe nd cere vnc nates cnarsereonpencadeane Toledo Hosp., Toledo, Ohio 
SUC M die, Jee axel etait ge te aie op pemree coe tear ted saan maaan cece, Ao Fordham Univ. 
S Pension Vln elTias sects see tes ok ae ee eee oe ee Ss ee Univ. of Minn. 
Be eT aie ON oo cacao te acevo ane neehn secabtan or achunazee New York Hosp. 
ro oh fa te ARN a Dg BW tees pian eee eee seco ee eer Nat. Cancer Inst., Bethesda, Md. 
Peet ENR DO cas cs pp ase Cannio ri ns Fe ceenbay devndecanceccneareeiee Univ. of Chicago 
SLE 07 al 02211 0 gx 6 ER eR RCS: 8 nO ea OPER re Cornell Univ. 
ICI Eg PMNs RG a, Oe ase eB ara eae ct niw nn plot Patwnptaertamntedes Stanford Univ. Med. 
Seo oes a oN Yoag alk ka eine See sae ORS ee oo a ae OE Bee Univ. of Minn. 
PSCC Soe 3 eo Set se aap ne te eee ee See A Stanford Univ. 
SILO SUCRE Oe. ol pennen ia cee ie Aisi te eee Ene anes enn seers epee Papeete Yale Univ 
RSS OIC Ie BORAT AN re sacar dpa pe le antsdeecvarsh ana conenonm ese Stanford Univ. 
SUPORTE, URE wae ood aR I DCS Pe Univ. of Wise. 
SU the ae SN SKEL TE 06 M8 SAR oie sop PE ee RE RE ER oO TO er Harvard Univ. 
RN RA so IU cena ce oe na onsen anoer cas cn ehannanunnsgiseanedaarwcaretest> Los Angeles, Calif. 
SUS o aig) Gren clelcias 2 BAS aN en Re =a RR Re oP sts een ee Brown Univ. 
SEER ACE chk 5 Sy opel Renae irene er ot ae PNP ED cer oty ee ee ee Clinton, Conn. 
rnb TL SEH O RULE POs TY Ge: TA WNx ae Nani -= insur Ne epee Pon nt ae Re RE RE URE New York Univ. 
re Le a Oe ae cae a hs as cs oa cesses ca seated te tadag Aegean c-ccnr Univ. of Mich 
SOS ge co Re, con hice er one a8 GRO ae SUR Cornell Med. Coll 
eh nts mE NICU LG pede cee acacia nnn oeuee ee cndgn nd ace nvaenenneeoes Memorial Hosp., N. Y. 
rel UR 22a 01) 30) by 9a aaa sec Daeore AL aes ab /E oN Pe he eee Georgetown Univ. 


Sy i MEAS PONIES Te Fe? OLS lpn ean pane rh ee cen Se en eS Univ. of Wise. 
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Sulzberger; Marion’ (B.1/.0.12 22 gee eee eee N. Y. Post-Graduate Med. 
Suminer, BY BAe 0s seat eee Scripps Inst. of Oceanography 
Summer, James Bi sscipasecccctecveescecccggoette Suen emencancte ea ee tauaancesreneert semneenaes Cornell Univ. 
Sundstroem, BWdward 8 0.cic1..5.eccecaserdesessseocesncnace dade ety eeroee ee Univ. of Calif. 
Sure, Barnett 2..:21.-sccbcdsc beste taveencecosces ctu, soeeenee netene eer ene Uniy. of Arkansas 
Swann, Howard G..2:sccnuitcnlaeiet ee Univ. of Chicago 
Swanson, WW vel. osascasectacsez eee Beco eee ere Univ. of Chicago 
Swartzwelder, Js! \Cig.sa.cc220 eek satie a soceeecceee eee Louisiana State Univ. 
Sweany; Hemry  Cicc.s etl sencstencedecctecs tera Gases eaten eee anes nee Chicago, Ill. 
Sweeney; Heriry M.z....2.ctseietest ei dorcesesacsreeee mesic soseane Univ. of S. Dakota 
Sweet, li. Hid wits. as ses eras. caer dee aster Cornell Univ. Med. Coll. 
Swett, Birameis: Gh s.ccccs0sscisctret scaasce 2d esasoesasuizueat encauanestessaeest nae eee Duke Univ. 
Swatt, He Ee cess on ete ea ee ee Rockefeller Inst. 
Swine bey BB a seagate aces ease Marquette Univ. Med. 
Srwirigle,! WoW sccsoscescectee hots eiesscalvctasdatee sosal see Raeeae eee mee Princeton Univ. 
Sydenstricken,: Vues seccciec se tseec sae ee aco eee ee eee ee Univ. of Georgia Med. 
Syverton, sSierorice (Tso ceo See oes cee ocean eee Univ. of Rochester 

inter, (Maurieg  Lic265cec nee eee Stanford Univ. 

"Pannier ): Hire d)e Wo sscesccscceosee eee ae 2 Oniveorells 
Tashiro eis Wir so ices es tee cee eee Univ. of Cincinnati 
Tea truraa PAGS, TGs ee re er ee Univ. of Wise. 
Tativboer oF erin 9s ste oa ee cee New York City 
Taber; Ons Bier See es eae Iowa State Coll. 
Templeton, Roy Dake cor occa Loyola Univ. 
Ten-Broeck,*Catiegsceac cc Oe eee Rockefeller Inst., Princeton, N. J. 
Thalhimers” Wil amis oo. ies secgec cove caccc-ese acer ee ease Noi City 
Thayers) S.° A eee ecco fasccccce ek oer rete eae St. Louis Univ. 
Thien esse Clinton} Es eer ic. rae eee eee eee ee Univ. of S. Calif. 
Thomas, | Arthur We sc-ciccscasctadsnstoerae te eee teen oe eee Columbia Univ. 
AVON CAE SERA AM Deas te he ee ta ea a Jefferson Med. Coll. 
Thorias Sarl soe eee ee eee cee Physiologisch-Chemisches Inst., Leipzig 
Thomas, “(Walters 'Ss.tsc.c-csestcss ates eae ee ee Rochester, N. Y. 
Thompsdn,* Kemmethy: Wovecc cick oe tce to cere ce Yale Univ. 
Thormypiset, itch andes c. ose eee Coll. of Phys. and Surg., N. Y. 
Thompson, Willard !O\ccc-0-.cccccdk-cete cere re ee Rush. Med. Coll. 
Thorp > Prank, Urs 22 cc eaten ee ee Michigan State Coll. 
DUMe G6, OWS Ss 2s oy esecpeererce stain, Ao ee ee N. Y. Univ. Med. 
Tisdall, Frederick F........... wee dun wit wane ee eee ac Univ. of Toronto 
Beean pins, 0M ccc. cecseses owe ec tect ckceleeaee ee ee ee Jefferson Med. Coll. 
Tolstoi, Wd ware 5. ssac.: Cec. icc cannscubpcnedoneetent he ere aac eee Ni Yo City 
Tomesik, Josep hye. s.. ai terete eee ee Budapest, Hungary 
Toomey A cae, cca kh teat eee Western Reserve Univ. 
Torrance, Ch G vpscscbssecscceuccssceeuchevaen sooner ee Jamestown, N. Y. 
TOYtey; ELL Vals crocs. cer eee Children’s Hosp., Oakland, Calif. 
Torrey, td Coe c-.tcrgeza eter seen een ee Cornell Univ. Med. Coll. 
Dratimen, (A RSet teeter gee eer Western Reserve Univ. 
Travel = Jaret 0S cesses eee ee Cornell Univ. Med. Coll. 
Travis, Br. TO ae eases seep iee aceon as oe Univ. of S. Calif. 


Hiv oy o°0) baal CARA OMe ERE nit A iestetce eyes Lice No Louisiana State Univ. 
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ANC SNS OG LECE 1 We Uo Sn) Oe Epidemic Prevention Bureau, China 
PUAN SoD hat otras Ch 4s alte ota panes te ee es Northwestern Univ. 
SL SPURS RD ELEC SS) A ee Er I Univ. of Mo. 
fy sha tsr ct] NG 1 20 A a ee Meharry Med. Coll., Nashville, Tenn. 
Tarmnernienmeth Bivens a Presbyterian Hosp., N. Y. City 
geo! ART Ces 3 Qe Re MBE Re eae REIE Da ee Brandon, Wis. 
ARPES (ORS 0415 Fe 2:2 a a esd Se Tulane Univ. 
A Wives NINE AY eee Fa ee EO oe ee ye State Univ. of Iowa 
LOTS is “Ay 0 Cf: EAS a ee eR ET Loyola Univ. Med. 
LECH eal SPARC Oe he ae ne fore OO a ee een en Ee ee Calif. Inst. of Technology 
2 agg ELSE SS DRIES ST Tee 2 ce Ec er PERCE TEN Univ. of Mo. 
ited SAU WARE nen ei kn Gi tee ae a ee Univ. of Maryland 
(Ee ES LE One eae eS Pe a Hormone Research Inst., Japan 
OE RA BE ee ee Re aa Cen Re ae eter New Haven, Conn. 
See UN? CSG 5 IG ae tee ae Renae rere ed E. R. Squibb and Sons 
DTG BR eps fr PR ZA a, ate ae ee Calif. Inst. of Technology 
SOLE Ue AST [hy a ie mere Oran eee Ce ae Univ. of W. Va. 
EVES PUTT RS, LYTVEN Fe RS (LE eae rea vet Cn eee Rockefeller Inst. 
CREM CC TOa EEE GET Gt | ee ne er Se ee cn eI Yale Univ. 
Weare teat NW oN Tees BP. cence acest eet Food and Drug Administration 
OSES OSD ae 1! MN eee eee ee Ce eels VE) Univ. of Pa. 
AVES iaad gai ee 1S) a0 Wool De oe ene eee ee pee Ome eS NE aoe Buffalo Gen. Hosp. 
DUG CANT 7S 20 1 el aol ee Nat. Inst. of Health, Washington 
Wee ee BS oS eae eee er ae ee ee eee Conn. Agr. Exp. Sta. 
INixeiormOSCp lee ee kA ce tle Research Div. of Chronic Diseases, N. Y. 
UST TeS, LER NUR ap ere oe ee Univ. of Denver 
WARRGNG Rs, SE WEE TRAE ote eee es one et an earn Western Reserve Univ. 
era EY IACE 9,0 aco) cd ID fees oR Atco pe ie cee Univ. of Minn. 
NYE TL 9 EO ee ee eee ee Nat. Inst. of Health, Bethesda, Md. 
Copied RS 2 ere ee ee ee ee St. Luke’s Hosp., N. Y. 
Von randee DNeCOdON eae ters eee ee Catholic Univ., Washington, D. C. 
Weate Jeresvarh, Je Geneve) Ofek Be aod te to ee cee cel cen Mere ee een nEn Ohio State Univ. 
NOTTS OBE RST ICT TG 1 (Eg ce Oe ie eR pRa Ie Oe OPER oe Par Bethesda, Md. 
ECL MENG ISOM) ee ereeeee eceerta tae as Soses Satna Saha ns cozen toss scseateaesttese sete St. Louis Univ. 

IV Sa sworeh, “AUCTISLUS 9 D...ca<ctscscsenver.tn2cceiawars N. Y. State Dept. of Health 

Rue oh Keach Nee UI anee, aa ened oases caie a seinactrenatacs Sonica; Aceapeaeansevten st Univ. of Ill. Med. 
SV VPEUESSSINT CUT Sy MBA aoe ee sees re recs eS ea ce stce ates ese esuscessact N. J. State Agr. Exp. Sta. 
TL UNO Nee NN sec sce i aac 8 bcc ob races ne sare carsaiduanaisendvtneeh ieee Northwestern Univ. 
NEE cee Te Sn COA Se 6 eet, See een eae mE Faye Univ. of Calif. 
Re ACGME) ae RC CLS eas cp ree sce ust 9a sce ede cobcessavnasbnsdasaiebesseins N. Y. Univ. Med. Coll. 
CLE ESS  OLRVEOELE | S10 A See Ro ee RRS inercorere Univ. of Colo. 
LMGLEE SEARS Dh aca Ls PB ee eS onan anne Central Coll., McPherson, Kan. 
Seer IE aR GA se ler en ene aac mR serene ee Annapolis, Md. 
NEMO eae BR 0) 2 Re ee a a MEE reel Univ. of Mississippi 
IV Pa oA OW sa aso pe corinne sacs eat erananegsvar spect ontcavanccens Brooklyn Jewish Hosp. 
VES CO) Se RE ee a ee ae eee eer Chicago, Ill. 
Sere Sean MSP cat 2 on cic ae tan aptetdnacecvenntarecnferevasncvets Northwestern Univ. 


Univ. of Minn. 
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WY armen, BS Dy oho 3.22 aca eae ae State Univ. of Iowa 
Weatren, Shite] dss ccecanci---2esctcesecansm owes cueememe xe eee nea oer renee Harvard Med. 
W astene ys). Hh iog.2.ceccateenseceesosee hvac te recoraaace a ee eee eee eee Univ. of Toronto 
Watson, Cecil) ccccccciecsteccseaciice Sibes lonbneecacaerneteeaeten testes ioe a ansereas Univ. of Minn 
Wearn, J. Tide tla ee eee ee ee Lakeside Hosp., Cleveland, Ohio 
Weber, Clarence rd .ccstssiecerscemcee weer Linc davhe pete ees Univ. of Kansas Med. 
Weebl ster: 1B 1G les -.scscsteecosce soe ec tenet soa ee Cornell Univ. Med. Coll 
Weelosterry. iol i Pees so etecennns duane somes atooncee eee eee Presbyterian Hosp., N. Y. 
Websters Leslie 00 2252 c5 sf, 2 cas ere ta sae See eee Rockefeller Inst. 
W edd A Tired! Mi sails Soc be accrue i oc cesar ee eee Univ. of Rochester 
Wediam,. Armold: Gy. sccssicee see oe ccc owe arenes Univ. of Cincinnati 
Weeeh, (Av Acie ce kates .sereeneaeenaeeeees Coll. of Phys. and Surg., N. Y. 
Weil, Alfred) Vist cccccsscuccotececceesetace susie cee sae sauce eee eee eae Pearl River, N. Y. 
Wreil,.Mewtruat! Nez. a cbeildceesctcee cane Northwestern Univ. 
Weinberg, Sammel : Svectccoe- cco ec eneeee Univ. of Calif., L. A. 
‘Weinman; Dn. <.2:-222..L cai eee Haar Med. 
Wreiskottems elem airy Giese cree see se eee eee ene Syracuse Univ. 
Weiss, Clharlessc0 0 ascscceccrocgeeee Seer tee neeeton Mt. Zion Hosp., San Francisco 
Weekes, Brim i125 is 2005012 eee ea nee Univ. of Ill. Med. 
Wels. Thar yoo nee eee ee eee Columbia Univ. 
Weiss, EE Aso te Hs OE SO a eee Univ. of Chicago 
WYGISE), Saint ete EE ee aia eee Peter Bent Brigham Hosp. 
Wreelehi, An D)scie crire eels ais eae eee Glenolden, Pa. 
AN elise) aba, toe co Sc ecko Sone eee ee Columbia Univ. 
Welker s¥ WE ee) oe EE ae ee ee Univ. of Ill. Med. Coll 
‘Weller y> Caries i ee eee Univ. of Mich. 
Wells Li: 2) ce: pec cees ee cree Oy eee oe ee ep oe Univ. of Minnesota 
Wenner,” William * Pic cc eice ces cent ee ee eee Kalamazoo, Mich. 
Werkman Chester Hit sn eet ak 20) see ee eee eee Iowa State Coll. 
Wieertiers All As 255 te ee oo) satire ree ine en lee a St. Louis Univ. 
Woermery 0.) Ch, secs ceaccec 5-2 ote ee oe Coll. of Phys. and Surg. 
West, Ridward) (62 50-\.cz.5 tin tourette ae nee Univ. of Oregon Med. 
West, Rando lp bi Ante ne eee ens eee eee Presbyterian Hosp., N. Y. 
Wetzel, Norman C......... pave bhenaul stl scoot 5 oS oraencoe eee manner ae Western Reserve Univ. 
Weytnouth,’ Prank ~Woesicc cca. oe Pe See Stanford Univ. 
Wheeler Marve Wie cacccor ase ete N. Y. State Dept. of Health 
Whipple; George Hi. o se ee ee Univ. of Rochester 
Wiittaker, D0 More eccstccsc.crta a eee ee Stanford Univ. 
White,” Abraham. 22. co-ed, ete Yale Univ. 
White, HDs on eet ee Camp Robinson, Ark. 
Whitehead, Richard W et nasedceansues eas soesaseencceesscetee eh ee eee Univ. of Colo. 
Wible, Gharies Teer oe eth ee crs arte Univ. of Nebraska 
Wiebe, AE eee atest ac eS eee Sh ies ore Norris, Tenn. 
Waenery) Any rca es 2 ee eee Jewish Hosp., Brooklyn 
Woersma, Cs Ar Gs vac acre ee Calif. Inst. of Technology 
Wiggers, Carl =) an tc es Oo es ee re Western Reserve Univ. 
Wailgus, HS.) ditt. scent eel oie eee Colo. State Coll. 
Wilhelm jy C.: Moe 2) a, ee Creighton Univ. Med. 
Wilhamis;’ Harold: ae) ee eee Children’s Fund of Mich., Detroit 


Williams, “Horatio, Bizcc.ta:: 04 Se Columbia Univ. 
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ANGELES: STO Pd |e ee ener eee ek cme f Highland Hosp., Rochester, N. Y. 
svar liearei seared @ LOT We VW heteceere ee ec ee A ns ne een Mass. Inst. of Technology 
AVAIL eS, 1 Po) oyster tees eek Mean A ae Wapato oe Ena ee Oe eae Western Electric Co. 
NAV GHU Tae. BUNTY FATA Uh Del g PRR ee ARR 40 «seta ee Johns Hopkins Univ. 
AWN AUIGIS) 1G [GS cite (iho pees oe ene es ee Maybury Sanitarium, Northville, Mich. 
VVeuLSO yom oag VV ore it cvce sa nae eet Cae ene SS Cay Oe ea Univ. of Pa. 
BV Vietll cua sg urea KAN ee open tices 7-00 oe a hee | Ae en eee Univ. of Mich. 
RE LO Cord 2 RE CORR Re ene OS Oe er ee GCM Se Brown Univ. 
AEC TS Po CaN FS Co) Feces OOS kek ve Me ee ee en eee Syracuse, N. Y. 
ee eee ONCE UG ERs 8.) on ea Pe oe he ea Oe U. S. Dept. of Agri. 
IMGT CE Coa, Sp Eee ie eee tee eee ee ae, Oe 2 Northwestern Univ. 
VTS TERE Ses SHRI Wee Se 2 Sed vs Oa COOP ae nr Fe ERED Oren n JO Yale Univ. 
WWASriGe Tem (G-M Ar x, Beers Se we es ak ee See Ee ede Si eee State Univ. of Iowa 
TEES So rch Aa Ec MO Ree aeRO Re ARs Weer Pe A Yale Univ. 
Wrannerscemicn,. Osicar a2) eer 8 oo eee Squibb Inst., New Brunswick, N. J. 
SpNABSPer save Cee, EMM 5G ae Ba aA BAN oe eg ONY ee Re Se ee a ed Ohio State Univ. 
VR 2 a De estes i ae eRe ek er Buffalo Gen. Hosp. 
AUNGMnsclade eLigrinticoeearnet Beeches, eh eB eu va ee State Univ. of Iowa 
SMUT ATT HELO aL Tome) are ee nmeees fas nhs eee ve eee eee ee Univ. of Wise. 
NUCROpER CAVE ES AY se ls ek aca, Nel ir ar Pin fed beled a aero Columbia Univ. 
NAMGOR SVG Soa 1 BU 2 ore ee SRNR el eat Harvard Univ. 
MUCHO eles uel ce, ett 6 ean a Re See aR Albany Med. Coll. 
NR MOPE ER PSs G estat oh SRN I ee AP eee Peiping Union Med. Coll. 
Pa Pa POROUS TIR SS NS cera a Sec St. Luke’s Hosp., N. Y. 
AV cacoys LDU ET, al byl By oh Aes SEU RA St eee ot aoe END UEP CeO Yale Univ. 
“a LRT gee URL 2 | RCE Sn ep Albany Med. Coll. 
Vai HORMEL CRTC LUE cerns oe heen ie eee ae es Eee eee Univ. of Minn. 
Aired 1) Cia yea viet Vea ake mares ee Ve Ra Lean Cornell Univ. Med. Coll. 
wes SOE ee een nm A en a ee Peiping Union Med. Coll. 
Marti ctarme ApS A UTE leans ekateeneen S28 ey elles ire ona ere ake Oregon State Coll. 
aig tis. ep a A) Eg © See meee ans ee een ane ema eD Lederle Lab., Pearl River, N. Y. 
UST, dec Ps Re ae a nel ee ee cee Zoological Inst., Tokyo, Japan 
RCE ea a Fe thr oe dee eins ky ese A Reese Maret ct alate mee Beltsville, Md. 

ert Reem [Tp way lleeaee tein tee Meee cna Seo oA ean ees at, Seneca noe eee Yale Univ. 
WUC saa, ALONE ea 2 oe eee ie es ere Remi Eee Wayne Univ. Med. 
AU et SUG a alae] fe Bae 2 2 ee Oe Re ee a sere N. Y. Med. Coll. 
NYU SE ae NU gel ee Sake es ee Univ. of Oregon Med. 
WW ee hse a Ee Dept. of Health, Mich. 
BUCA CLLR REDE Aig, Sk 2822 a Serge bask Meads phone hen asew ete oncnnntdoatoccnvnssoaas Orange Park, Fla. 
PY IAIN I CoM NEL NS aad oc ct be alas -w dos husident dacawiie czas Univ. of Buffalo Med. 
Ae IN rnp MARTE eee tae E19 Lo koa ion a ratanc et aay conan vase salesdnsenes Yale Univ. 
AST ROS CE I ese de ee me STE RS eam Univ. of Pa. 
ER Spee ITS U8 7 Se Sooo =e aS nor Se Be ea es eee ae Camby, Ind. 
Lie AMIS RON, Se Oe Ee TEA en Eee eee eee ee a CE ne Peiping Union Med. Coll. 
WE SGC 1 RINGS oS ERP Re CORE SNE EERE = ROC nee aoe Univ. of Minn. 
gate TIA i eT AIAN goa es Aa cts xo asian 3d goemnedlp patches nab v on ~~ extsaacowe Yale Univ. 
VSM MONO Bi gogo crus Szann apts asnavt tancbunciantiee: Scripps Inst. of Oceanography 
DRC LDD CG, Pagal SC 118 £2) 5 eA oO EE re Jerusalem, Palestine 
DEE heh oss A SOG COTA KA a Eg Or oe Cae ee eee ee ee Columbia Univ. 


Zwemer, 1B, Wp Sie eee yee eRe Bi Sena ieee aor Sane eel Coll. of Phys. and Sure., N.Y. 
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Sections 


Cleveland, O., Section 


Western Reserve University—Beck C. S., Collett M. E., Crile G. W., 
Doull J. A., Dorfman, R. I., Ecker E. E., Ernstene A. C., Feil H., Fraps R. M., 
Freedlander S. O., Gerstenberger H. J., Goldblatt H., Green, H. D., Gregg 
D. E., Gyérgy P., Hambourger W. E., Hanzal R. F., Hayman J. M. Jr., 
Heymann W., Hunscher H. A., Karsner H. T., Kline B. S., McCullagh D. R., 
Megrail E., Mull J. W., Muntwyler E., Myers V. C., Quigley J. P., Scott R. 
W., Shibley G. S., Sollmann T., Toomey J. A., Trattner H. R., Visscher J. P., 
Wearn J. T., Wetzel N. C., Wiggers C. J. 

Miscellaneous—Cohen M. B., Dominguez R., Glasser O., Haden R. L., 
Peskind 8. 


District of Columbia Section 


Armstrong C., Balls A. K., Bengston I. A., Blum H. F., Branham S. E., 
Byerly T. C., Cram EH. B., Crittenden P. J., Csonka F. A., DeSavitsch E., 
Dyer R. E., Dyer H. M., Earle W. R., Eberson F., Evans A. C., Friedman 
M. H., Herwick R. P., Hess W. C., Holm C. F., Howe P. E., Jackson R. W., 
Juhn M., Katzenelbogen S., Keiles, E. O., Koppanyi T., Lands A. M., Leake 
J. P., Leese C. E., Linegar C. R., Maloney A. H., Maver M. E., Meigs E. B., 
Nelson E. M., Parr L. W., Pittman M., Plotz H., Roe J. H., Roth G. B., 
Schwartz B., Simmons J. S., Smith M. I., Sullivan M. X., Van Winkle W. Jr., 
Verder E., Voegtlin C., von Brand T. 


Illinois Section 

University of Chicago—Adams W. E., Alving A. §., Barron E. S. G., 
Bloch R. G., Bloom W., Boor A. K., Brunschwig A., Burrows W., Cannon 
P. R., Carlson A. J., Child ©. M., Compere E., Dack G. M., Dick G. F., 
Dieckmann W. J., Domm L. V., Dragstedt L. R., Hichelberger L., Friede- 
mann J’. K., Gallagher T. F., Geiling E. M. K., Gerard R. W., Hamilton B., 
Hanke M. E., Harrison R. W., Hesseltine H. C., Johnson C. A., Kleitman N., 
Kliiver H., Koch F. C., Koser 8S. A., Leiter L., Lillie F. R., Lillie R. S., 
Luckhardt A. B., McLean F., Miller C. P. Jr., Moore C. R., Mullin F. J., 
Palmer W. L., Phemister D. B., Ragins I. K., Robertson O. H., Schlutz F. W., 
Snyder F. F., Still E. U., Swann H. G., Swanson W. W., Weiss P. A. 

University of Illinois—Arnold L., Bachem A., Bailey P. V., Bergeim O., 
Cole A. G., Cole W. H., Gellhorn E., Herrold R. D., Keeton R. W., Levin- 
son S. A., McGuigan H. A., Nedzel A. J., Oldberg E., Pilot I., Pineussen Ls 
Puestow C. B., Reed C. I., Roberts E., Rose W. C., Rosenthal S. R., Schour 
I, Steggerda F. R., Tanner F. W., Wakerlin G. E., Weiss E., Welker W. H. 

Northwestern University—Abt A. F., Alt H. L., Bing F. C., Davenport 
H. A., Day A. A., Dragstedt C. A.. Farmer C., Gunn F. D., Hepler O. E., 
Ivy A. C., Jones K. K., Jung F. T., Kendall A. I., Muehlberger C. W., 
Pollock L. F., Ranson 8. W., Rhoads P. S., Simonds J. P., Starr M. Ps 
Turner C. D., Walker A. W., Wang S. C., Weil A., Windle W. F. 
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Miscellaneous—Behre J. A., Boyd T. E., Buchbinder W. C., Chen G. M., 
Danforth D. N., Davis D. J., Davis M. E,, Givens M. H., Chea K. L., 
Hinrichs M. A., Hoffman W. S., Horwitt M. K., Howell K. M., Isaaes R., 
Lueth H. C., foe TaN, one Richards R., Kaede M. M., Ton J. Gs 
Necheles H, Nielsen C., Nine L. B., Oesting R. B., Popper H. Ie Pepean 
E., Roberts R. G., Rosahn 122510 Scintie OFT Rondnoy. dn dies Shanginese? 
H. J., Sheinin J. J., Soskin S., Sean ele cy Templeton R. D., Thompson 
W. O., Tweedy W. R., Wang C. C. 


Iowa Section 


State University of Iowa—Barer A. P., Berg C. P., Bodine J. H., Daniels 
A. L., DeGowin E. L., Fowler W. M., Gibson R. B., Greene J. A., Gross E. G., 
Hale W. M., Hines H. M., Ingram W. R., Jahn T. L., Jeans P. C., Korns 
H. M., Loehwing W. F., McClintock J. T., Mattill H. A., Paul W. D., Plass 
KE. D., Smith F. M., Smith H. P., Steindler A., Tuttle W. W., Warner E. D., 
Winter C. A., Witschi E. 


Iowa State College—Becker E. R., Buchanan R. E., Fulmer E. I., Ham- 
mer B. W., Hewitt KE. A., Levine M., Nelson V. E., Smith E. A., Tauber O. 
E., Werkman C. H. 


Minnesota Section 


University of Minnesota—Amberg S., Anderson J. E., Bieter R. N., 
Blount R. F., Bollman J. L., Boothby W. W., Boyden E. A., Burr G. O., 
Clawson B. J., Evans G. T., Gortner R. A., Green R. G., Hansen A. E., 
Hemingway A., Henrici A. T., Hirschfelder A. D., Jackson C. M., Kendall 
EK. C., Keys A., King J. T., Larson W. P., McKinley J. C., McQuarrie L., 
Miller E. S., Palmer L. S., Petersen W. E., Rasmussen A. T., Rosenow EH. C., 
Samuels L. T., Sanford A. H., Scammon R. E., Scott F. H., Skinner C. E., 
Spink W. W., Stenstrom W., Stoesser A. V., Visscher M. B., Wangensteen 
O. H., Watson C. J., Wells L. J.. Wright H. N., Ziegler M. R. 


Mayo Foundation—Alvarez W. C., Code C. F., Essex H. E., Helmholz 
H. F., Higgins G. M., Hinshaw H. C., Magath T. B., Mann F. C., Sheard C. 


Missouri Section 


St. Lowis University—Auer J., Broun G. O., Christensen K., Doisy E. A., 
Fleisher M. S., Franke F. E., Graves W. W., Griffith W. H., Hertzman A. B., 
Jones L. R., Katzman P. A., Kinsella R. A., Kuntz A., Luyet B. J., Me- 
Caughan J. M., Shaklee A. O., Thayer S. A., Wade N. J., Werner A. A. 


Washington University—Alexander H. L., Barr D. P., Bartley S. H. 
Bishop G. H., Bronfenbrenner J., Bulger H. A., Cooke J. V., Cori C. F., 
Cowdry E. V., Erlanger J., Gilson A. S. Jr., Graham H. A., Graham H. T., 
Heinbecker P., Julianelle L. A., Key J. A., Loeb L., O’Leary J. L., Olmstead 
W. H., Ronzoni E., Schmitt F. O., Scott G. H., Shaffer P. A., Welch A. D. 
Wenner W. F., White H. L. 


Miscellaneous—Hllis M. M., Gray S. H., Hogan A. G., Jorstad L. H., 
McKenzie F. F., Pinkerton H., Somogyi M., Turner C. W., Uber F. M. 
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New York Section 


Carnegie Institute—Bates R. W., Davenport C. B., MacDowell KE. Oe 
Ponder E., Riddle O. 

Coliege of the City of New York 
J., Harrow B., Sayles L. P. 

Columbia University—Barth L. G., Calkins G. N., Dunn L. C., Gregory 
L. H., Heft H. L., MacLeod G., Sherman H. C., Woglom W. H. College of 
Physicians and Surgeons—Abramson H. A., Andersen D. H., Atchley D. W., 
Barach A. L., Bauman L., Berg B. N., Boots R. H., Chargaff E., Clark A. R., 
Clarke H. T., Copenhaver W. M., Dawson M. H., Detwiler S. R., Dochez A. 
R., Elsberg C. A., Engle E. T., Geyelin H. R., Gies W. J., Goettsch E., 
Gregersen M. L., Gutman A. B., Hanger F. M. Jr., Heidelberger M., Heiman 
J., Hopkins J. G., Jobling J. W., Jungeblut C., Kendall F. E., Kesten H. D., 
Kurzrok R., Levin L., Levy R. L., Lieb C. C., Loeb R. F., MeIntosh R., 
Meyer K., Miller E. G. Jr., Mulinos M. G., Myers C. N., Olmstead M. P., 
Oppenheimer B. S., Ornstein G. G., Palmer W. W., Pappenheimer A. M., 
Richter M., Root W. S., Scott E. L., Seegal B. C., Severinghaus A. E., Smelser 
G. K., Smetana H., Smith P. E., Sperry W., Steinbach M. M., Thomas A. W., 
Thompson R., Turner K. B., Webster J. P., Weech A. A., Weiss H., Weld 
J. T., Werner 8. C., West R., Wiliams H. B., Zucker T. F., Zwemer R. L. 


Cornell University Medical College—Andrus W. deW., Bagg H. J., 
Barker S. B., Blau N., Bronk D. W., Cattell M., Cecil R. L., Chambers W. H., 
DuBois E. F., DuVigneaud V., Edwards D. J., Elser W. J., Ewing J., Furth 
J., Gold H., Grace A. W., Hatcher R. A., Hinsey J. C., Hannon R. R., Hardy 
J. D., Kahn M. C., Knowlton G. C., Ladd W. 8., Levine S. Z., Linton R. W., 
Loebel R. O., Magill T. P., Miles W. L., Milhorat A. T., Moore R. A., Neill 
J. M., Opie E. L., Papanicolaou G. N., Phillips R. A., Pollack H., Reznikoff 
P., Robinson G. C., Schloss O. M., Shorr E., Smith C. H., Stewart H. J., Still- 
man R. G., Sugg J. Y., Sweet J. E., Torrey J. C., Webster B., Wright I. S. 


Montefiore Hospital—Baumann EH. J., Elinger F. P., Levine M., Marine 
D., Ringer M., Rosen 8S. H., Sandberg M: 


Mt. Sinai Hospital—Baehr G., Bender M. B., Bierman W., Crohn B. B. 
Doubilet H., Epstein A. A., Frank R. T., Geist S. H., Harkavy J., Hollander 
F., Karelitz S., Kohn J. L., Lewisohn R., Ottenberg R., Rothschild M. A., 
Salmon U. J., Schick B., Shwartzman G., Sobotka H. H. 


New York Medical College—Cope O. M., Danzer C. 8., Dotti L. B., 
Kleiner I. S., Stark M. B., Tauber H., Youland W. E. 


New York Unwersity Medical College—Bakwin H., Barber W. H., Bat- 
terman R. C., Bodansky O., Brooks H., Burstein C. L, Cannan R. K., 
Chambers R.., i terinore H. i Co Tui Pp W., DeBodo R., DeGraff A. C., 
Hisberg H. Ee Francis T. Jr., Cann Re Geitier ATOR Goldfarb W., Golde 
felder A., Coltane W., Crochwald is. Hall Re eee tt 0. M., Polliffe INCRE 
Levy M., McEwen C., Marin Seley NaGior J. B,, Neuwirth a Peck §S. M., 
Pellini B. J., Ralli E. P., Ratner B,, Rovenstine BE. ales Sagiow Ce Sheuncd 
JAA, Sunerbore M., Sinith H. W., Stunkard H. W., Symmers ne Tillett 
W. a Wallace G. B. 


New York Post-Graduate Medical School—Bailey C. V., Bruger M., Cohn 
, Chace A. F., Crampton C. W., Halsey R. H., Kast L. \icnleyaenn ‘e Kal- 


Dawson J. A., Etkin W., Goldforb A. 
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one A., MacNeal W. J., Mosenthal H. 0., Marshall C. Jr., Sulzberger 

Princeton University—Conklin E. G., Harvey E. N., Johnson F. H. 
Swinele W. W. 

Rockefeller Institute—Amoss H. L., Avery O. T., Bauer J. H., Bergmann 
M., Brown W. H., Bureh G. E., Claude A., Cohn A. E., Cole R., Dubos R. J., 
Flexner S., Florence L., Gasser H. S., Goodner K., Greene H. S. N., Horsfall 
F. L. Jr., Jacobs W. A., Kidd J. G., Kunitz M., Landsteiner K., Lennette 
Ii. H., Lynch C. J., MacMaster P. D., Michaelis L., Mirsky A. E., Murphy 
J. B., Murray H. A. Jr., Northrop J. H., Olitsky P. K., Osterhout W. J. V., 
Pearce L., Rivers T. M., Rous P., Shope R. E., Smadel J. E., Stanley W. M., 
Swift H. F., Ten Broeck C., Van Slyke D. D., Webster L. T. 

Rutgers University—Anderson J. F., Cole W. H., Leonard S. L., Murray 
T. J., Nelson T. C., Reece R. P., Waksman S. A. 

Yale University—Allen E., Anderson R. J., Baitsell G. A., Barbour H. 
G., Bayne-Jones S., Blake F. G., Chittenden R. H., Cowgill G. R., Duran- 
Reynals F., Figge F. H. J., Fulton J. F., Gardner W. U., Gilman A., Good- 
man L., Harrison R. G., Harvey S. C., Hussey R., Johnson T. B., Miles W. 
R., Morse A., Nicholas J. S., Orten J. M., Oughterson A. W., Peters J. P., 
Powers G. F., Rosahn P. D., Smith P. K., Stone L. S., Thompson K. W., Van 
Wagenen G., White A., Winslow C.-E. A., Winternitz M. C., Woodruff L. L., 
Yerkes R. M., Yudkin A. M., Zimmerman H. M. 

Miscellaneous—Adlersberg D., Anderson W. E., Ansbacher S., Antopol 
W., Barlow O. W., Berg W. N., Blair J. E., Blatherwick N. R., Block R. J., 
Bernhard A., Bodansky A., Brand E., Brodie M., Brown R., Bullowa J. G. M., 
Byrne J., Cerecedo L. R., Cheney R. H., Clark G. W., Climenko D. R., Chow 
B. F., Coca A. F., Coggeshall L. T., Collens W. S., Cook, C. A., Coombs 
HeaCGerCurthic ii ke Dakane Hy Ds Dalldori iG. Dubin. He, DuBois, Heese 
Eddy W. H., Eggston A. A., Famulener L. W., Ferraro A., Field C. W., Fine 
M. S., Fishbere FE. H., Forkner C. E., Foster R. H. K., Frankel F. H., Freed- 
man L., Freund J., Funk C., Gager C. '8., Garbat A. L., Gardner L. U., 
Gelarie A. J., Girden E., Goldberg 8. A., Goldfarb W., Greene C. H., Greep 
R, ©; Haile CS Harris yh, Harris M. M., Harrop G. A. Jr., Hawk P. B. 
Himwich H. E., Hooper C. W., Huntoon F. M., Irwin M., Jacobsen V. C., 
Jaffe H. L., Jensen H. F., Kirkbride M. B., Kissen M., Knudson A., Koch 
M. O., Kopeloff N., Koster H., Kramer B., Krasnow F., Kugelmass I. N., 
Kurotehkin T. J., Kuttner A. G., Lambert R. A., Lancefield D. E., Landis C., 
Levine P., Lichtenstein L., Loewe S., McIver M. A., Mackenzie G. M., Mal- 
taner KE. J., Maltaner F., Mann H., Marmorsten J., Marsh R. P., Master A. 
M., Medlar E. M., Meyer A. E., Millet J. A. P., Molitor H., Morrell J. A., 
Muckenfuss R. S., Naumann H. N., Obreshkove V., Oliver J., Oliver W. W., 
Pack G. T., Petroff S. A., Pick E. P., Pinner M., Rake G. W., Rakieten M. L., 
Ray G. B., Reiner L., Reynolds S. R. M., Rhoads C. P., Richards L. B., Riz- 
zolo A., Rohdenburg G. L., Rose A. R., Rosenthal L., Ross V., Rugh R., Rus- 
sell W. C., Salant W., Sawyer W. A., Scheff G., Schiff F'., Schneider E. C., 
Schwind J. L., Seeeof D., Seegal D., Shapiro H., Sharlit H., Sherwin C. P., 
Shilling C. W., Sickles G. M., Smith C. A., Soffer L. J., Steele J. M., Stekol 
J. A., Stucky C. J., Sugiura K., Tauber H., Thalhimer W., Tolstoi E., Tor- 
rance C. C., Van Allen C. M., Van Dyke H. B., Vickery H. B., Victor J., 
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Vogel K. M., Wadsworth A. B., Walzer M., Wheeler M. W., Weil A. J., 
Wiener A. S., Williams R. R., Wintersteiner 0., Wolfe J. M., Wood F. C., 
Wright A. W., Wyckoff R. W. G. 


Pacific Coast Section 

University of California—Almquist H. J., Althausen T. L., Asmundson 
V. S., Bishop K. S., Brooks M. M., Brooks S. C., Carr J. L., Chaikoff I. L., 
Cole H. H., Connor C. L., Cook S. F., Daniel J. F., Emerson G. A., Evans H. 
M., Goldschmidt R., Goss H., Greenberg D. M., Gregory P. W., Gurchot C., 
Hart G. H., Hinman F., Hobmaier M., Hoskins W., Howitt B. F., Jukes T. 
H., Kaplan A., Kerr W. J., Kleiber M., Kofoid C. A., Krueger A. P., 
Lawrence J. H., Leake C. D., Lipman C. B., Lucas W. P., Lucia S. P., Lyons 
W. R., Marshall M. S., Mettier S. R., Meyer K. F., Montgomery M. L., 
Morgan A. F., Mudge C. S., Ogden E., Okey R. E., Olmsted J. M. D., Page 
KE. W., Perry I. H., Reed H. S., Rinehart J. F., Salle A. J., Schmidt C. L. A., 
Shock N. W., Sundstroem E. E., Walker E. L. 

Stanford University—Addis T., Barnett G. D., Baumberger J. P., Beard 
P., Blinks L. R., Bloomfield A. L., Clifton C. E., Cutting W. C., Danforth 
C. H., DeEds F., Dock W., Emge L. A., Faber H. K., Field J., Fluhmann 
C. F., Gray H., Hall V. E., Hanzlik P. J., Holman E., Jameson E., Luck J. 
M., McNaught J. B., Manwaring W. H., Meyer A. W., Newman H. W., Read 
J. M., Reichert F. L., Richardson A. P., Rytand D. A., Schultz E. W., Shafer 
G. D., Stockton A. B., Stone C. P., Storey T., Tainter M. L., Weymouth F. 
W., Whitaker D. M., Wilson R. 

Miscellaneous—Eaton M. D., Geiger E., Graeser J. B., Koehler A. E., 
Langstroth L., Larson C. E., Pencharz R. I., Proescher F., Sansum W. D., 
Torrey H. B., Weiss C. 


Peiping Section 
Peiping Union Medical College—Adolph W. H., Anderson H. H., 
Chang H., Chen T. T., Chu F. T., Chung H. L., Feng T. P., Fortuyn A. B. D., 
Frazier C. N., Hoepph R. J. C., Hu C. H., Hu C. K., Kronfeld P. C., Li R. 
C., Lim C. E., Lim R. K., Liu 8. C., Liu S. H., Ma W. C., Mu J. W., Snapper 
I., Tsen_H. T. H., Wong 8. C., Wu H., Zia S. H. 


Miscellaneous—Chang H. C., Cheer 8. N., Hou H., Ni T., Pak C., Read 
B: Es Smyly Aes. 


Southern Section 


Tulane University—Bass C. C., Bliss S., Cohn I., Cummins H., Duval C. 
W., Faust E. C., Halsey J. T., Harris W. H., Hathaway E. S., Katz (Gas 
Laurens H., Mayerson H. S., Matas R., Menville L. J., Musser J. H. Jr., 
Nadler S. B., Nelson EK. E., Ochsner E. W. A., Schattenberg H. J., Seott L. 
C., Silverman D. N., Sodeman W. A., Turner R. H. 

Louisiana State University—Ashman R., Beard H. H., Brooks C., Bur- 
don K. L., Burns E. L., Casey A. E., Davis H. A., Eaton A. G., Halpert B., 
Reynolds C., Stasney J., Swartzwelder J. C., Tripoli C. J. 


Miscellaneous—Bodansky M., Carmichael E. B., Decherd G. M., Herr- 
mann G. R., Keller A. D., Walton R. P. 
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Southern California Section 


California Institute of Technology—Borsook H., Morgan T. H., van 
Harreveld A., Tyler D. B., Wiersma C. A. G. 

University of California at Los Angeles—Allen B. M., Ball G. H., Beck- 
with T. D., Dunn M. S., Fearing F., Gengerelli J. A., Jennings H. §., 
Schechtman A. M., Sponsler O. L., Weinberg S. J. 

University of Southern California—Baldwin F. M., Butt E. M., Butts 
J. S., Deuel H. J., Drury D. R., Greeley P. O., Hall E. M., Hoyt A. P. S., 
Kessel J. F., Lindegren C. C., McKibben P. S., Thienes C. H., Travis L. E. 

Scripps Institution of Oceanography—Fox D. L., Saunders F., Sumner 
F. B., Zobell C. E. 

Miscellaneous—Alles G. A., Andrews E., Ball H. A., Bogen E., Bonner 
J., Burrows M. T., Geiger E., Gilchrist F. G., Lamson R. W., MacKay E. M., 
Nathanson M. H., Pohlman A. G., Strouse 8. 


Western New York Section 

University of Buffalo—Bowen B. D., Dolley W. L. Jr., Edwards J. G., 
Emery F. E., Griffith F. R., Hubbard R. S., Humphrey R. R., Neter E., 
Richards O. W., Vaughan S. L., Witebsky E., Youngburg G. E. 

Cornell University—Asdell 8. A., Dukes H. H., Dye J. A., Hagan W. A., 
Hayden C. E., Liddell H. S8., Maynard L. A., Norris L. C., Rahn O., Romanoff 
A.L., Sharp P. F., Sherman J. M., Stark C. N., Sumner J. B., Travell J. 

University of Rochester—Adolph E. F., Berry G. P., Bloor W. R., Brad- 
ford W. R., Claussen S. W., Fenn W. O., Hodge H. C., McCann W. S., Me- 
Coy O. R., Mason K. E., Morton J. J., Murlin J. R., Pearse H. E., Scott W. 
J. M., Syverton J. T., Wedd A. M., Whipple G. H. 

Syracuse University—Brewer R. K., Dooley M. S., Hegnaner A. H., 
Knowlton F. P., Manwell A. D., Mitchell O. W. H., Robb J. S., Weiskotten 
H. G., Wilson J. R. 

Miscellaneous—Butcher F. O., Hess W. N., Maughan G. H., Pinner M., 
Thomas W. S., Williams J. R. 


Wisconsin Section 

University of Wisconsin—Bast T. H., Bradley H. C., Bunting C. H., 
Casida L. E., Clark P. F., Cole L. J., Duggar B. M., Elvehjem C. A., Eyster 
J. A. E., Gilbert E. M., Guyer M. F., Hart E. B., Hastings E. J., Irwin M. R., 
Keitt G. W., Lorenz W. F., Meek W. J., Meyer O. O., Meyer R. K., Middle- 
ton W. S., Nichols M. S., Parsons H. T., Peterson W. H., Phillips P. H., 
Reynolds C., Rusch H. P., Seastone C. V., Seevers M. H., Sevringhaus E. L., 
Stovall W. L., Sullivan W. E., Tatum A. L., Walton D. C., Witzemann E. J. 

Marquette University—Beckman H., Bock J. C., Carey EH. J., Quick A. J., 
Swindle P. F. 


Miscellaneous—Hansmann G. H., Turner R. G. 


Not Affiliated With Sections 
Alabama—Carmichael FE. B., Foley J. O., Goss C. M., Hinman E. H., 
Keller A. D., Spies T. D. 
Arkansas—Day P. L., Sure B. 
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Colorado—Boissevain C. H., Buchanan A. R., Clausen H. J., Corper H. 
J., D’Amour F. E., Draper W. B., Gustavson R. co Hall Cz "Hill R. M, 
Huddleston Os, Wi Poe Can Piaaialey F., Thorp F. fe. Virtue R. W., Wallin 
, Whitehead R. Jal Wileus iBIEM Se Ai 


ee a actitee, L. E. 
Florida—Young W. C. 
Georgia—Briggs A. P., Kelly G. L., Mattler F. A., Stannard J. N., 


Do 


Sydenstricker V. P. 


Indiana—Bills C. E., Chen K. K., Clowes G. H. A., Corley R. C., Cox 
W. M. Jr., Helmer 0. M., Hiestand W. A., MeClung L. S., Page I. H., Powell 
H. M., Zerfas L. G. 

Kansas—W alters O. S., Weber C. J. 

Kentucky—Edwards P. R., Knoefel P. K., Lawson H. C. 

Maine—Little C. C., Morse T. S. 

Maryland—Johns Hopkins University—Andrus E. C., Blumberg H., 
Brown J. H., Buell Mary V., Burky E. L., Cohen B., Eastman N. J., Ells- 
worth R. M., Firor W. M., Geiling E. M. K., Holt L. E. Jr., Howe H. AS, 
Kemp J. E., Lee F. 8., Leonard V., Long P. H., Longcope W. T., MeColnnst 
Kk. V., Macht D. L., Marshall KE. K. Jr., Marshall W. H., Marka, L., Maxey 
K. F., Meyer A., Park E. A., Pfeiffer J. A., Rich A. R., Willier B. H. Miscel- 
laneous—Amberson W. R., Burns R. K. Jr., Corner G. W., Frobisher M. Jr., 
Henshaw P. §., Krantz J. C. Jr., Rubinstein H., Shear M. J., Stewart H. L., 
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